
Australia 50c 
New Zealand 50c 
South Africa 45c 
Rhodesia 45c 
Nigeria K.40 
Sweden Kr. 3.50 
Malaysia $1.80 
Malta 22c5 

Norway Kr. 5.10 


^BEStOR THE COIMSTRI 
OFAnJYOFTHE 4 PR< 
FE/fl^JRED IN OUI 


O LIGHT - OPERATED DEVICE 
O WAA WAA 
O DIODE THERMOMETER 
O TOUCH SWITCH 



















Probably if you're still using 
ordinary soldering iron 
Ordinary soldering irons can cause 
damage to transistors and 
integrated circuits — damage 
which wastes time and costs 
money. Now, with the unique 
ANTEX X25 and CCN low leakage 
soldering irons no harm can come 
to the most delicate equipment, 

even when soldered 'Live'. 
(You could be making quite a saving). 
All prices include V.A.T. at 10% 
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What’s happening inside industry 

SPECIAL SUPPLEMENT —autumn quickies 

DIODE THERMOMETER—WAA WAA—OPTOELECTRONICS—TOUCH SWITCH 

FREE INSIDE THIS ISSUE: veroboard printed wiring board 
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Exciting... the Stereo 21! 



Can you really get Until now, richly satisfying sound has always cost a richly satisfying price. But.. 
sound quality like any more/For an almost unbelievable £18-45, you can haveStereo21—audioforth 
this FOR LESS ^fej^connoisseur! Whatever your taste in music, you can hear it on STEREO 2 
THAN £19? the way its composers heard it in their dreams! Beethoven o 

VPQ vnn takii flHL Mahler... Ellington or Jellyroll Morton ... Das Nibelum 

or fJesus Christ Superstar . Carols from King: 
WITH THE NEW * College Chapel or the return of a Beatle . . 

everything from a prettily fluting baroqui 


fl 


STEREO 


organ to the newest pop group at ful 
throttle—STEREO 21 does then 
all justice! 

And have you ever seen a handsome 
audio installation? Compact enougl 
to go in a university student’s bedroom 
study, elegant enough for the suaves 
penthouse pad in Town, STEREO ‘ 
offers you all the pride of possession 
well as a thrilling musical experience! 
Top-quality amplifier, BSR turntable, match¬ 
ers. Deck and speaker cabinets yoi 
vrap round and glue to build. Screw 
amplifier and connect up (all push 
fit no soldering whatsoever), so simpk 
literally anyone can do it. Except for glue 
and panel pins all parts supplied in¬ 
cluding full instructions—all for £18-45 
(plus the cost of post and packing if 
you buy by mail), and—to round 
it all off—a money refund if not 
satisfied if your pleasure in 
STEREO 21 is not complete 


Personal 

INCLUDING VAT 

plus £1 -50 p. & p. 
Diamond stylii, if required, £1-37 extra 
Suitable pair of stereo headphones with individual 
lever controls, if required £3 85. 


£18-45 


Just think—in only a few days 
you could be giving your ears 
the tre-‘ -* - 


lifetime—AND 


EMI SPEAKERS AT 
UNBELIEVABLE PRICES 


950 Kit. Five matched speakers and 
crossover unit for handling up to 
45 watts, from 20 to 20.000 Hz. 
Huge-19in x 14in (approx.) high 
efficiency 16, 500-gauss bass unit 
built on a heavy diecast frame. The 
four 10,000 gauss tweeters, each 
3|in dia. approx., are fed by the 
crossover with a critically adjusted 
signal for maximum fidelity. Imped¬ 
ance at 1 kHz is 8 ohms. Bass coil 
2in others 0-5in. Recommended list 
price £44. 

OUR PRICE £25 00 + £1 50 p. & p 



15in 14A/780. Bass unit on a 
rigid diecast chassis. Superior 
cone material handles up to 
50 watts RMS, and is treated to 
give a smooth frequency res¬ 
ponse. Resonance 30 Hz. Flux 
360,000 Maxwells. Impedance 
at 1 kHz is 8 ohms. 3in voice 
coil. 

Recommended retail price 
£40-80. 

OUR PRICE £18-70 

+ £1 50 p. & p. 








RADIO AND TV COMPONENTS 
ACTON, LONDON W3 6NG - 323 


(ACTON) 
23 EDGW 


LTD, 21C HIGH STREET 
ARE ROAD, LONDON W2 


ActoivTs 


>.m., half day Thurs. 

3.m. Closed all day Wed.; also see opposite. 


id outside U.K. 
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a boost in the output. 
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Newly 

designed mat 
and trim. 


Perspex 

cover. 


Easy "hinged- 
on, hinged-off' 
movement. 


Press button 
speed change. 


' S.A.U.2 Arm 1 
with DAMPED' 
lowering J 
L device. A 


Brushed 

Aluminium 


Connoisseur 


New, Improved BD2 Turntable By 


Manufactured by:- A. R. Sugden 8- Co. (Engineers) Ltd. 

Atlas Mill Road, BRIGHOUSE, Yorkshire HD6 1 ER. 

Telephone: Brighouse (04847) 2142. Telegrams & Cables: Connoiseur, Brighouse. 

Come and visit us at Stand No. F4 at the International Audio Festival 


KEEP WARM ATA 
COOL PRICE. 

Slash central heating costs with 
AMKIT. 

If you can put in electric wiring, you can install 
Amkit. The unique nylon pipe hot water central 
heating system, that you install yourself in hours. 
Look at these advantages: 

No soldering 

No ‘T’ junctions 

No special equipment 

No leaks, no lagging r no corrosion 

No structural upheaval 

Just reliable, effective central heating (Guaran¬ 
teed 25 years) at a saving of between £150 & £250. 
This famous system has been successfully market¬ 
ed since 1968. 

Clip the coupon, and we’ll tell you more. 

To Autocon Manufacturing Co. 

Spring House, 10, Spring Place, London, NW5, 3BH 
Please send your brochure telling me all about Amkit. 

Name . 

Address . 



or see for yourself at: THE AMKIT D.I.Y. CENTRE, 

15, Procter St., London, W.C.1. (opp Holborn Undgnd). 
Open Mon-Fri 9.30 am-5-30 pm. Sat 9 am-1 p.m. 
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I.L.P. (Electronics) Ltd 



100 WATTS! 


* NO EXTERNAL COMPONENTS 


* MECHANICALLY & ELECTRICALLY 
ROBUST 


* INTEGRAL HEATSINK 


* HERMETICALLY SEALED UNIT 


* ATTRACTIVE APPEARANCE 


* LOW COST 


* BRITISH BUILT 


With the development of the HY200, ILP bring you the first COMPLETE Hybrid Power 
Amplifier. 

COMPLETE: because the HY200 uses no external components! 

COMPLETE: because the HY200 is its own heatsink! 

By the use of integrated circuit technique, using 27 transistors, the HY200 achieves total 
component integration. The use of specially developed high thermally conductive alloy 
and encapsulant is responsible for its compact size and robust nature. 

The module is protected by the generous design of the output circuit, incorporating 
25amp transistors. A fuse in the speaker line completes protection. 

Only 5 connections are provided, input, output, power lines and earth. 

OUTPUT POWER: 100 watts RMS; 200watts peak music power. INPUT IMPEDANCE: 
10kn. INPUT SENSITIVITY: ODbm (0-775volt RMS). LOAD IMPEDANCE: 4 - 1 6“ 
TOTAL HARMONIC DISTORTION: less than 0-1% at 100 watts, typically 0 05%. 
SIGNAL NOISE: better than 75Db relative to 100 watts. FREQUENCY RESPONSE: 
10Hz-50KHz ±1Db. SUPPLY VOLTAGE: ±45volts. APPLICATIONS: P.A., Disco, 
Groups, Hi-Fi, Industrial. PRICE : £14 90 inc. VAT & P&P. Trade applications welcomed. 


CROSSLAND HOUSE • NACKINGTON-CANTERBURY-KENT 
CANTERBURY 63218 

Please note we reserve the right to substitute at our discretion updated versions of advertised designs 
where applicable. 
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NEW EDU KIT MAJOR 


COMPLETELY SOLDERLESS ELECTRONIC CONSTRUCTION KIT 
BUILD THESE PROJECTS WITHOUT SOLDERING IRON OR SOLDER 

• A Transistor Earpiece • 7 Transistor Loud- ~ 

tadio speaker Radio MW/LW. 




= £4 : 48ik' 

(+10% VAT 44p) ■ Tel. 0234 52367 Keg. No. 788372 ■ 

_ ■ ■ 


! ' 


...............-SJ 
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moms 


FULL 12 MONTH 




The leading U.K.& 

U.S. A. electronic 
Manufacturers use n « 

ERSIN MULTICORE SOLDER 

containing 5-cores of non corrosive extra active flux. 

YOU TOO CAN USE THIS RELIABLE SOLDER 

obtainable from your retailer, (ask for 'ERSIN MULTICORE') 

y Multicore Solders Ltd. 

W. Maylands Avenue, 

1 Hemel Hempstead. Hertfordshire, HP2 7EP 
Tel: Hemel Hempstead 3636 Telex: 82363 


PSYCHEDELIC LIGHTING U 








CELECTRON-E 































LEARN about MODERN TV Design 
by building this Heathkit 12" B/ W Portable 


on the new Heathkit GR-9900 portable 12" UHF 
Monochrome Television kit. A unique chance to double 
the pleasure available from any other television set — 
because you build this yourself. 

We've used the latest modular construction and 
advanced design concepts to produce an outstandingly 
high performance TV worthy of the Heathkit name. 

All the main electronics are mounted on two easy-to- 
assemble printed circuit boards—this plus the use of no 
less than four integrated circuits perform the complex 
function of IF, video, sound, line frame and scan. 

Factory pre-aligned coils make alignment very easy and 
there are four presetable pushbutton controls for 
channel tuning—a luxury found in very few other models. 
Thq quality and fidelity Is therefore excellent, and of a 
far higher standard than most ready-built televisions 
in the shops. 

The GR-9900 is portable too—equally at home on 


the mains or off your 12 volt battery for car, boat or 
caravan use. Add to this Heath's world renowned 
experience in the design of equipment for first-time kit 
builders, and you will be impressed on all counts of 
engineering, styling, and performance. 

The instruction manual is surprisingly simple with big. 
clear illustrations to map out your way. Would-be 
TV engineer? Here's your chance to learn—by actually 
building a television yourself. The manual not only 
shows you how to get 100% personalised quality control 
on your own; in the event of anything going wrong, a 
Trouble-Shooting section enables you to find the fault— 
and, in most cases, to put It right unaided. 

The GR-9900 is a kit you’ll be proud to build and 
own. You have a choice of fully finished cabinets in 
teak or modern white and the kit price, £62.70 (carriage 
extra), includes a FREE high performance indoor aerial. 


FREE 

Heathkit 

Catalogue 

Contains something for 
everyone: Hi-Fi Stereo, 
Testers & Instruments, SWL, 
Metal Detectors .. even a 
Battery charger Kit. 

Mail the coupon . . . Today! 
Heath (Gloucester) Limited. 
Gloucester GL2 6EE. 

LONDON showroom 
233 Tottenham Court Road 
Tel 6367349 


Choose cash or Heath Monthly Budget Plan 
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I! HTITFlf 


UK'S LARGEST RANGE OF TRANSISTORS, IC'S 
RECTIFIERS, ALL SEMICONDUCTOR DEVICES 

BEST PRICES RETAIL TRADE EXPORT & INDUSTRIAL 


FREE BOOKLET 

All types of 

TRANSISTORS • RECTIFIERS 
BRIDGES • SCR’s • TRIACS 
INTEGRATED CIRCUITS 
F.E.T. • LIGHT DEVICES 
OVER 1500 DIFFERENT DEVICES 
ENTIRELY NEW 1973 EDITION 

FOR YOUR FREE C 



MORE DEVICES 
NEW PRICES 
NEW RANGES 
THIS IS A MUST 
FOR ALL 

SEMI-CONDUCTOR 


INTEGRATED CIRCUITS. VERY IMPORTANT—ONLY BRANDED I.C’s 

ARE TO THE FULL MANUFACTURERS’ SPECIFICATIONS. ALL OTHF»« 
NOT. HENRY’S SELL ONLY BRANDED INTEGRATED CIRCUITS 

FROM TEXAS ... I.T.T-FAIRCHILD.. - — 

BUY ALTERNATIVES OR UNDER S-- 

’’ME GENUINE ARTICLE FI 





TRANSISTORS—A selection 

For full list send for booklet 36 today 



SL403CK 5/3 t 0 r vo[t V ope t r°- 

asrJzfP 


TOSHIBA POWER 



ULTRASONIC TRANSDUCERS 


TRANSISTORS—SPECIAL OFFERS 




(T099) 

3 - 


TRIACS—Stud 



40486 TRIAC (T05) 75p 

BR m G E A RE CT? FIE RS 

FEATURES SMALL 
SIZE & LOW COST // 

250 M/Ai AMP P.I.V. // 
B025/05 50 I6p fa) 

B025/I0 100 I8p rf 

r-v---’ ■ 

B05/05 


B05/40 400V 25p 


t H A^p X 






Practical Electronics November 1973 











































| | METERS • TRANSFORMERS • CONTROLS • RELAYS , , 

^^^^^^^^^J^IRONS■ TOOLS • VALVES • POT CORES HOST TYPES OF COMPONENTS/"WirjfJs/] 



\ You need a catal ogue! 55p post paid complete with Discount Vouchers^ 

SPECIAL PURCHASES 


AVOMETER 

MOVEMENTS 

MOVEMENTS 9 5 °' 


CHANNELS 21 to 


aswssas:a»safss.g 



■:& 


mssssmm:' 




EASY TO BUILD 
KITS BY AMTRON— 
EVERYTHING SUPPLIED 






Henry's S.) 

EDGWARE ROAD, W2 / 


SEE FACiNG 
PAGE FOR 
ADDRESSES 



GARRARD BAnERY TAPE DECK 


GARRARD 2 spc 


TRACK STEREO 




^ G 0 


VESSSSl 
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DISCOUNT HI-FI, TV, TAPE AND CAR ENTERTAINMENT 

Low prices means less VAT Henry's give full guarantees and demonstrations for callers. Plus big savings. 
Also at Modern Electrics (Retail) Ltd., 120 Shaftesbui'y Avenue, W.I.—Your Sony dealer. 


STEREO AMPLIFIERS 

AMST?AI>: IC2000 
EAGLE: TSA149 


HOWLAND WEST: DAIOOO 
HENELEC TEXAN: Kit 
HENELEC TEXAN: Built .. 
NIKKO: TRM300 


PIONEER: SA500A ., 


TELETON: SAQ206B 

:: 

STEREO RADIO TUI 


AKAh! 


AMSTRAD: 3000 


HOWLAND WEST: DAI066t ! 
PIONEER: TX500A .. 


MATCHED SPEAKER SYSTEMS 

RANK DOMUS P *' r * 0 ^£* 


A25 } 20-60W .. 
A35 > 

WHARFEDALE 




MAGNETIC 

CARTRIDGES (Cart 


M75EJII £7-95; M75GII £7-25. 
GOLDRING 

G850 £2-85; G800 £3-95; 
£3-95; G800E £5-95? G800SE I 
G820 £6 70; G820E £10 00; ( 


999REX 3-70; 99 
8 50; 999TEX £1 
RONETTE 


(M): SP25 III/M756S .. 
(HL): AP76/G800 
(HL) A GL75 M P 7 “ S :: 
(HL): GL75 P/C G800 
(HL): GL75 P/C r““' 
(HL): MP60TPD 




STEREO COMPACTS 
complete with ipeeker, 

(Carr./packing £1-25) 
sLnyo G260IKL 
Sanyo G26I5N 
Sanyo GXT4520KL .. 
Sanyo GXT4730KL .. 



ic AN6O/ANB0/AN 180 st< 

BATTERY CASSETTE 
RECORDERS 



STEREO <■; 
PHONES “ 




EL2 3 S ’ (n)S° SEL40 AR947 £1 


SH Junction Box £160; £23-7S; Philips N2607 
JBI ID De Luxe June £26 40; R/Mobile 

85- Ph" e Switch'i’Ns 0250 £24 7l- £ 22b PY £28 40 ! 

>D^ FF^ 05 2 < '°"ii r H''‘( r si^d’lli ^**' V 8 **^* k "* < ^' 

iwfl^'welthim 


OA £8-50; HW 
antroller £6 90. 


PR04AA m CAR LW radio (carr./packg. 

ENTERTA,NMENT spMkers OI Shi>a STKI00 
4uuu n-rai £.16490ozs; Car radio, (carr./packg. ttSTO ; r $T2000£31-50. 
CIS 1000 £750; CIS2000 35p). MW/LW compete MW/Sterco FM (carr./ 
G3000 £6-60; TouringCT^hi'ramat™ with*' spetklrs' 0 Sharp 

'*i.. Ph iU?*, JW™ ^ R ” 3 /. a t rr 27 d 7°(“S, 5D 8 ; 




/ £?i-65 ; Ph RP305 l 


YOU CAN PAY BY 
BARCLAYCARD OR ACCESS 
For callers or by phone 
01-402 4736 


ALSO STOCKED AMD DEMONSTRATED 
Armstrong — A 
—Cambridge At 

Wharf edale-Goodmans-Cetestion 
Grundig—Kef—Teac- ~ 
Sherwood 
Call or phone 01-402 4736 lor beat prices 
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D.I.Y. 

ELECTRONIC 
ORGAN KITS 
AS USED BY 
PROFESSIONALS 
THROUGHOUT 
THE WORLD 



★ Portable—4 octave keyboard with 10 voices, 3 pitches— 
vibrato, £145-29. * Console— 5 octave keyboard with 10 
voices, 3 pitches. Keyboard can be split into solo and 
accompaniment. Vibrato, built in amplifier and speaker 
£250-93. ★ Console—2 x 4 octave keyboards and 13 note 
pedal board, 29 voices, Vibrato, Delay Vibrato, Sustain, 
Reverberation, Precussion, Wah Wah, £406-00. ★ Console 
—2 x 5 octave keyboards and 32 note pedal board, 32 voices. 
Vibrato, Delay Vibrato, Sustain Reverberation, Precussion, 
3 Couplers, etc., at £572-55. 


ALL COMPONENTS CAN BE BOUGHT SEPAR¬ 
ATELY. SEND 50p FOR LATEST CATALOGUE, 
WHICH INCLUDES SPECIALIZED COMPONENTS, 
HI-FI EQUIPMENT, ELECTRICAL HOUSEHOLD 
APPLIANCES. PLUS 5 x lOp VOUCHERS. 


ELVINS ELECTRONIC 
MUSICAL INSTRUMENTS 

YOU ARE WELCOME TO VISIT THE ONLY D.I.Y. ELECTRONIC ORGAN 
CENTRE IN EUROPE AT 12 BRETT ROAD, HACKNEY, LONDON, E.8. 
TEL. 01-984 8455 



ADDRESS. 


!_ AUp^bTRONIC H0 U§eV THE HYDE. J!ONDONj NW 9 6 jJ 
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parts for PRACTICAL ELECTRONICS projects. 

“One Source” buying makes sense—saves you time, 
money and postage. 

(I 

“P.E. RONDO" QUADRAPHONIC SOUND SYSTEM 

Complete kits for the entire P.E. Rondo Project will be available as this appears in ? 5 
the magazine. These contain top quality components with fibre glass p.c. board, * 
etc. etc. 


P.E.” F.M. VARICAP STEREO 
TUNER 

Electro Spares offer a kit of high quality 
parts to the published specification for 
this remarkable tuner, featured in 
Practical Electronics", May 1973. 
Features include pushbutton “Spot On” 
tuning, with up to 5 pre-set stations (no 
difficult tuning dial and drive cord). 

Easy "no problem" construction 
requiring only a few simple setting up 
adjustments with a d.c. Voltmeter. 

Uses NEW pre-set modules for R.F. 
and I.F. circuits—no circuit alignment. 
High efficiency integrated circuit Phase 
Lock Loop Decoder for perfect stereo 
reception, with stereo lamp indicator. 
Fibre Glass P.C. Board, neat slim-line 
cabinet, with brushed aluminium front 
panel, pushbuttons, etc. etc. 

IDEAL FOR USE WITH THE "TEXAN”, 
"P.E. GEMINI” AND ANY GOOD 
QUALITY STEREO AMPLIFIER. 


“P.E. GEMINI” STEREO AMPLIFIER 

QUALITY HI-FI FOR THE 
HOME CONSTRUCTOR. 

30 Watts (R.M.S.) per Channel into 
8 ohms! 

Total Harmonic Distortion 0-02%! 
Frequency Response (—3 dB) 20 Hz— 
100kHz! 

We are still continuing to supply 
components for this fabulous amplifier, 
which is now recognised as practically 
the ultimate in High Fidelity. We know 
of no better unit for the home 
constructor, and can supply a booklet, 
containing full specification, complete 
constructional information, wiring 
diagrams, faultfinding guide, etc. etc., 
price 55p plus 4p postage. 

Our new, low comprehensive price list 
is supplied with each booklet, or prices 
for components supplied separately on 
receipt of large S.A.E. 

FOR PEOPLE WHO REQUIRE THE 
BEST—IT HAS TO BE THE “p.e. gemini” 


ALL PARTS for Varicap tuner and Gemini amplifier supplied separately. 

Please send S.A.E. forfull details of any of the above or call yourself. Visitors welcome 
—easy parking. 
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ORDER NOW—sand P.0./Cheque direct to : 

ELECTRONICS DESIGN ASSOCIATES, Dept.PEII 

82 Bath St., Walsall WS1 3DE. Phone: 33652 



T he Pictorial Method 


B JL ELECTRICITY(5vols) 

K MX VIC^ ELECTRONICS(6vols) 
TELEVISION(3vols) 

You’ll find it easy to learn with this outstandingly 
successful PICTORIAL METHOD. The essential facts 
are explained in the simplest language, one at a time, 
and each is illustrated by an accurate cartoon-type 
drawing. These clear and concise illustrations make 
study a real pleasure. The books are based on the latest 
research into simplified learning techniques. This easy- 
approach-to-learning method has proved beyond doubt 
that acquiring knowledge can be an enjoyable ex¬ 
perience. 




To The SELRAY BOOK CO., 60 HAYES HILL, HAYES, 


Ac . | BASIC ELECTRICITY 5 parts £4-50 □ 

Sdwltal™ S Etoonta .new i BASIC ELECTRONICS 6 parts £5-40 □ 

field for me to take up as a hobby^ Leamington ’ Tk St BASIC TELEVISION 3 parts £3-60 □ _ 

issas i—?. \ «. 

sHSsSaifrS 


StiStliv™. 

FULL POSTAL.. 
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OUR PRICES INCLUDE V.A.T. 

E.M.I. 134 x 8in. 



RADIO COMPONENT 

r price £3 -95 P „,t 2 op 






































































FREE with speaker orders over £7 

"HI FI Loudspeaker Enclosures" book. All units guaranteed 
new and perfect. Prompt despatch. 

Carriage and Insurance 25p per speaker (tweeters and 
crossovers 15p). ALL PRICES QUOTED INCLUDE VAT. 


WILMSLOW AUDIO (Dept, pe) 

Loudspeakers: Swan Works, Bank Square, Wllmslow, Cheshire, 
SK9 1HF. Radios, etc.: 10 Swan Street, Wllmslow, Cheshire, SK9 1HF. 
Telephone: Wllmslow 29599. 
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COMPREHENSIVE HOME CONSTRUCTOR KITS 

AS SPECIFIED IN THE P.E. RONDO 

COMPLETE QUADRAPHONIC HI-FI SYSTEM 



:bs sq* matrix decoder 

*TM CBS INC. 

COMPLETE £3 00 

POST FREE V.A.T. 

INC. CBS LICENCE FEE 8Qp 

PREAMPLIFIER BOARD 

“S™ £3.00 

POST FREE + V.A.T. 30p 

WASTER VOL./TONE/ 

BALANCE BOARD 

COMPLETE £3 5Q 

POST FREE + V.A.T. 85p 


3 OWER AMP. BOARD & HEATSINK 

(STEREO PAIR) 


COMPLETE 
PER BOARD 


£7.50 POST FREE + V.A.T. 75p 


POWER SUPPLY BOARD complete 
MAIN SMOOTHING CAPACITORS 


£5.00 

0.75 


POST FREE + V.A.T. 50p 
POST FREE + V.A.T. 7p 


MAINS TRANSFORMER 
CHASSIS-PUNCHED & DRILLED 


COMPLETE 

KIT 


£6.25 

£2.25 


POST FREE 
POST FREE 


k V.A.T. 62p 
► V.A.T. 22p 


PHASE LOCKED LOOP STEREO DECODER 

COMPLETE KIT THAT TAKES ABOUT 30 MINUTES TO BUILD. 

CONNECT DECODER TO YOUR TUNER, POSSIBLY DISCONNECTING ONE OR TWO DE-EMPHASIS COMPONENTS. 
PROVIDE+10 TO+16 VOLTS EITHER FROM YOUR TUNER OR SEPARATE POWER SUPPLY. 

TUNE TO A STEREO BROADCAST. 

TURN A PRESET RESISTOR UNTIL THE STEREO BEACON LIGHTS UP. 

YOU THEN HAVE STEREO RADIO. COMPREHENSIVE INSTRUCTIONS PROVIDED. 

X«<a. Art POST FREE + Mp V.A.T. BUILT AND JA .A f* POST FREE ' 

<*'«» A-U (BEACON Mp + 4p V.A.T.) TESTED (BEACON 34 


IX-STOCK DELIVERY" 

THESE DESIGNER-APPROVED KITS ARE AVAILABLE AS PUBLISHED 


SONAX 

ELECTRONICS 

SPENCER HOUSE 
BRETTENHAM ROAD 
EDMONTON 
LONDON, N.18 

Telephone 

01-807 5544 

TRADE ENQUIRIES WELCOME 


PLEASE SEND ME: 

CBS SQ DECODER 
PREAMPLIFIER BOARD 
MASTER VOLUME BOARD 
POWER AMP. BOARDS 
POWER SUPPLY BOARD 
SMOOTHING CAPACITORS 
MAINS TRANSFORMER 
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TAKE YOUR PICK 

T he tendency towards larger and more ambitious projects 
is a perfectly natural development in the wake of tech¬ 
nological advancement. Not everyone wants to become 
involved in building the more complex project, that is true. 
But this expansive side of home construction should be 
welcomed by all the genuine enthusiasts, since it provides an 
opportunity for amateurs to keep up to date with the latest 
developments and techniques and to make practical use of 
them as and when they feel so inclined. 

It is worth considering, also, the beneficial effect on 
the retail components market arising from the demand 
generated by some larger projects. Such demands encourage 
suppliers to hold a wide variety of stocks and to seek out 
lines in components they might not otherwise contemplate 
handling. A healthy and venturesome retail trade is to the 
advantage of everyone who purchases components, whether 
in large or small quantities. 

The needs and interests of constructors vary widely, but 
so far as generalisation can go, it seems reasonable to sup¬ 
pose that out of the whole, a majority of constructors confine 
their activities to the more simple kind of project. New¬ 
comers undoubtedly start this way too, although many Will 
in due course feel the compulsion to pursue their hobby to 
greater heights. Our recognition of the need for small simple 
designs is reflected in this month’s special supplement, liiis 
contains details of four uncomplicated but useful and highly 
adaptable circuits, any of which can be assembled on the 
piece of printed wiring board presented free with this issue 
of Practical Electronics. 

Returning now to larger projects, it may be recalled that the 
virtues of modular construction were discussed here last 
February when the P.E. Sound Synthesiser made its debut. 
With the synthesiser main unit now completed, this month’s 
article in the series introduces the complementary keyboard 
unit. 

It will interest many readers to learn that over the past 12 
months the complete synthesiser has been handled by a 
number of professional musicians, and its unique creative 
possibilities—both as a composing machine and as a live 
performance instrument—have been established and enthused 
upon. Moreover, it has been confirmed that the keyboard 
unit on its own does constitute a valuable and versatile 
instrument for live performance. For example, it will meet 
the needs of many musical groups, being able to provide 
novel avant-garde accompaniment. 

This feasibility is another bonus or “spin off” from the 
modular approach. It confirms the importance of consider¬ 
ing both the whole and the parts, where many large and 
ambitious projects are concerned. 
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FOUR CHANNELS OF INDEPENDENT CONTROL .. . 




his Stage Lighting Dimmer was built to the 
specific requirements of an amateur revue com¬ 
pany. It consists of four independent channels each 
capable of dimming 13 amps (3250 watts) of 
incandescent (not fluorescent) lighting. The number 
of channels may be increased as necessary provid¬ 
ing the current capability of the input is uprated. 
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Each of the four dimmable channels is controlled 
by a linear slider fader. Any channel can be 
switched to a Master Fader which is a double unit 
made up of two stereo slider potentiometers. The 
Master has control over all channels simultaneously 
when required. 

Each channel has a mimic light next to the fader 
control which gives a visible representation of the 
relative brilliance of the lights plugged into that 
channel. 

A preset potentiometer in each channel allows the 
cutoff point of each channel to be adjusted for 
different wattage lamps with differing thermal 
capacities. 

Interference suppression is included and the 
dimmers are mounted in an earthed box to reduce 
radiation. 

The output to each channel is fed via a 13 amp 
switched socket and input from the mains is taken 
via a 60 amp fused switch which can act as a 
“Master Blackout" control when it is necessary to 
cut out all the lamps in the fastest possible time. 

CIRCUIT OPERATION 

Each of the four channels uses an identical cir¬ 
cuit which uses a triac to control the current through 
the lamps. The basis of this circuit is shown in 
Fig. 1. 

A triac is a four layer semiconductor device with 
three terminals. It will only conduct when a voltage 
is applied to the gate (g) terminal and will then 
continue conducting in either direction even when 
the gate voltage is removed. It will cease to con¬ 
duct when the current through it drops below a 
threshold level known as the holding current. 

The circuit shown in Fig. 1 varies the average 
current through the lamps by controlling the point 
in the mains cycle at which the triac is triggered into 
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are shown right 
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VR3100ka R2 4-7WI f - ^ XA 



Referring to Fig. 1, capacitor Cl and variable, , 
resistor VR1 form a phase shift circuit which alters 
the phase of the signal at their junction with respect 
to the applied mains voltage. 

The diac in series with the triac gate is a four- 
layer device which presents a high impedance until 
the voltage across it exceeds a value known as the 
breakdown voltage (about 30 volts) when it presents j 
a low impedance. When the breakdown voltage is 
reached the capacitor Cl discharges into the gate of I 
the triac causing it to conduct. Typical waveforms J 
are also shown in Fig. 1. 


Fig. 2. The circuit of one of the control 
channels of the Stage Lighting Dimmer. Four 
identical channels are used in the unit 


COMPLETE CIRCUIT 

In the actual circuit used, shown in Fig. 2, VR1 i 
is the Channel Fader and VR2 is one section of the 4 
Master Fader which can be over-ridden by SI to S 
give independent control. VR1 and C2 form the 
phase control network and R1 and Cl are additions 
to provide smooth control at low light levels. 

The current supplied by R1 and Cl is determined 
by VR3 in series with R2. VR3 can be used to 
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Photograph showing the layout of the com¬ 
ponents on the front panel and the output 
sockets mounted on the side of the case. 
Another two sockets are similarly fixed the 
other side 


preset the extinguishing point of the lamp when the 
Channel Fader is fully down. There are two modes 
of use for VR3: it may be used to fully extinguish 
a lamp which would otherwise “sing” (due to the 
filament vibrating in the presence of small residual 
spiky current; alternatively it may be set so that 
the filament glows dull red, which enables a big 
lamp to be taken to full brightness quickly. 

MIMIC CIRCUIT 

Components D2, R3 and LP1 form a “mimic” 
circuit to give a visual indication of the lamp bright¬ 
ness. D2 and R3 simply reduce the mains voltage 
down to six volts. The four resistors (R3 and its 
counterparts) dissipate nearly 10 watts each and must 
be placed in a well ventilated position. 

Note the special connection between the switch¬ 
board 13 amp socket and D2. This is necessary 
because with no lighting load plugged in, the leak¬ 
age through the triac will give a glow in the mimic 
lamp which can be disturbing to the lighting 
operator. With no lamp plugged in, the channel 
should be switched off at the socket. 

The point to connect D2 will be found as a 
copper rivet head on the rear of the socket and 
should be verified with an ohmmeter. 

LOAD CONNECTION f • 

The load is connected ( .on.fhe neutral side of the 
triac. This reduces the .ritfk 4 bf alectric shock from 




EARTH 


MIMIC LAMP 
DROPPER RESISTORS^ 
(R3s) 


OUTPUT 
SOCKET 
(4off) 


TRIACS ON 
HEATSINK 
(Insulated from case) 


Photograph showing the arrangement of the triac heatsink, the presets, the tagboards and 
the input connections within the case. The heatsink must not touch the earthed case 
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Fig. 3. Block diagram showing the 
four circuits of Fig. 2 interconnected 
and the extra components needed to 
complete the unit 



defective lamps, since the lamp is at neutral rather 
than live when faded down. It also enables all the 
triads to be mounted on a heatsink without insulating 
washers although this has the disadvantage that the 
heatsink is live and must therefore be insulated from 
the case. 

The triac, though a bi-directional device, operates 
best with the main terminal 2 (mt2) live with respect 
to mtl. For the SC50D mt2 is the threaded stud. 


Interference suppression is obtained using two 
capacitors (C9 and CIO) connected between the 
supply lines as shown in Fig. 3. Also seen on Fig. 3 
is the mains indicator neon and the 60 amp fused 
switch. 

CONSTRUCTION 

The dimmer was designed to be mounted on a 
wall so the control box and the switched fuse were 


Fig. 4. Layout of the components on the tagboard and interwiring for one of the four channels. Com¬ 
ponents should be mounted on the front panel, the case and the tagboards, and then interwiring 
should be done using thip diagram and Fig. 3 as a guide. Wires which carry the current to the lamps 
should be heavy duty to reduce heating effects. 
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COMPONENTS ... 



Photograph showing the completed unit and 
60 amp switched fuse mounted on the backing 
board 

fitted on a wooden panel fitted with mounting 
brackets (see photograph). The metal box used for 
the prototype is not generally available but any 
aluminium or steel box of sufficient size (13in X 
lOin X 5in) can be used. 

The four triacs are mounted on a large heatsink 
which is connected to the live input via the switched 
fuse. A smear of heat-conducting grease should be 
applied before the triacs are bolted in position. 

All the small components are mounted on two 
tagboards as shown in Fig. 4. The only exceptions 
are the four mimic lamp resistors (R3 etc.) which 
are mounted on a separate tagboard in a ventilated 
position. 

The m.e.s. lampholders must be of the type which 
have both lamp terminals insulated from the case 
as neither must touch the case which is earthed. 

The four preset potentiometers (VR3 etc.) are 
mounted on the outside of the case so that they 
are easily adjusted. 

The output sockets are mounted two on either 
side of the case. The tagboards are mounted on 
pillars. 

Plastic brackets are used to support the heatsink 
without it touching the case. Make sure that the 
lid of the case does not touch it when fitted. 

Vents must be cut in the case to allow air to 
circulate if none are present. 

Front panel layout is not critical, the photographs 
showing the prototype layout. Note that the two 
stereo sliders which form the Master Fader should 
be mounted as close as possible to each other so 
that they may be moved together. They may be 
physically joined with a metal bracket if this is 
desired. 

Cables capable of carrying the 60 amp input 
current must be used for connection to the unit. 
A heavy duty earth cable should be connected to 
the case using a screw terminal. 


Resistors 

m KB? }i watt carbon 
R3 2-7kO 10W wirewound 

Potentiometers 

VR1 100k£t linear slider 

VR2 lOOkO + lOOktt linear stereo slider (each 
channel uses half of one) 


Semiconductors 

D1 Diac type ST2 (Henry’s Radio) 

D2 1S557, BY100 or any 400V 1A diode 
CSR1 SC50D 400V 15A Triac (Henry’s) 

Miscellaneous 

LP1 6V 60mA m.e.s. lamp and holder 
SKI 13A switched mains socket (MK2957) + 
mounting plate MK2200 21L 
SI Mains on/off switch 

The components above are required for each of 
the four channels, i.e. four of each (except 
VR2) are required. The components below are 
required to complete the unit 


Miscellaneous 

LP5 Mains neon indicator 
S5 M.E.M. 60A switch/fuse 
12 way tagboards (2 off) 

4 way tagboard 

Screw terminal, 6in x 6in x 2in finned heatsink, 
plastic brackets, 16mm copper double insulated 
(p.v.c./p.v.c.) 


PRACTICAL POINTS 

To reduce the interference effects of the unit it 
should be used on a supply separate from that 
being used by any microphone or musical instru¬ 
ment amplifiers, i.e. the 60 amp cables to the input 
should be taken to the nearest low impedance mains 
supply, the local “main feeder.” 

Ordinary household ring main circuits will not 
handle the unit on full load. In the case of a 
house or small hall the connections should be 
made direct to the fuse box, having first checked 
that the incoming mains can supply 13kW. 

Footlights present a special problem since they 
are often close to stage microphone cables. If 
possible use footlight feeder cable which has an 
earth screen totally enclosing the conductors. 

The slots in the box for the faders was made 
using a Monodex metal cutter. 

A heavy duty soldering iron is necessary for 
soldering the 60 amp cables. 

Total cost of the unit was approximately £35. 
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BY FRANK W. HYDE 


BLACK HOLES 

There are many enquiries about 
“black holes” and not surprisingly 
they are mostly of the form “What 
is a black hole?” 

The term “hole” is the main diffi¬ 
culty, just as it was with solid 
state devices. Perhaps this is 
because usually a hole is some space 
which is at an angle to a surface. 

Since the situation is one of con¬ 
centration of matter and energy it 
is better to use the word concentra¬ 
tion. The new name then is a 
“black concentration” and in this 
case it means that energy and matter 
is not radiating outwards but is 
concentrated away from the 
observer. It is, therefore, a black 
condition. 

Proceeding from there, imagine 
that the Sun in following its life 
course goes through the process of 
normal star evolution and death. It 
will expand to many times its pre¬ 
sent size to become a Red Giant. 
In expanding it will cool down and 
as the fuel of it becomes consumed 
the gravitational forces will cause it 
to contract to about one per cent of 
its volume. This will mean that it 
will become very hot again. It will 
then acquire a new name, that of 
White Dwarf. Its brightness will 
have increased and so will its den¬ 
sity so that a cubic inch would 
weigh many tons. 

However, by the nature of the 
process there is a limit to the com¬ 
pression and in the case of the Sun 
it will probably remain as a White 
Dwarf, gradually cooling down. 


GRAVITATIONAL COLLAPSE 

In the case of stars more massive 
than the Sun the energy produced 
during the life cycle may be such 
as to make the stage from Red 
Giant to White Dwarf much more 


concentrated. In this case a state 
of gravitational collapse may occur 
and a “black concentration” will 
take place. 

Not only does this effect apply 
to the star itself but also to the 
surrounding media. In this condi¬ 
tion it is possible that other concen¬ 
trations of matter nearby are sucked 
into the area. 

The advent of gravitational col¬ 
lapse is likely to arise after the 
transition from Red Giant to White 
Dwarf. This could be because the 
White Dwarf stage is not a halting 
point as it were, and the energy 
of the shrinking from Red Giant 
may over-run the White Dwarf 
point. In this case the enormous 
energies will build up to a catastro¬ 
phic explosion and a supernova 
would be the result. This will 
appear as an extremely bright object 
and parts of the original star will 
be flung out at fantastic speeds of 
the order of hundreds of miles a 
second. There will be left a small 
highly concentrated mass, the neu¬ 
tron star. This is the Pulsar accord¬ 
ing to the accepted current theory. 

Sometimes the energy is so great 
that the situation is not ended at 
this point and the collapse goes 
beyond the neutron star point. It 
is here that the condition of the 
“black hole” is reached. 

It is not easy to accept the impli¬ 
cations of this manner of events. It 
would mean that no light or radia¬ 
tion of any kind comes out of this 
concentration. 

The gravitational field is so great 
that in the comparatively short dis¬ 
tance involved (if the Sun became 
a “black hole” it would be only 
two miles in diameter) matter in 
moving inwards from the “surface” 
would stretch out from the 
observer. In fact, there would per¬ 
sist for some time an image of the 
original matter and this would not 
appear to change for a very long 
time. In effect there would be a 
reversal of all the conditions that 
are regarded as normal. 


NEW LOOK 

At this point it is time to ask 
whether physicists have to take a 
new look at the whole situation. It 
would seem that - there are no uni¬ 
versal laws, but rather that the laws 
depend upon conditions as they are 
found. This is not merely a matter 
of reality but also of profound 
philosophical implications. It may 
be that other views will be 
expressed and that this interpreta¬ 
tion is in itself rejected. 

There is still no direct evidence, 
for the existence of the “black hole” 
but work which is going on at the 
moment may help to clear up the 
matter. It is hoped that there will 
be sufficient data shortly to report 
on the progress of a new project 
aimed at providing new evidence. 


COMET KOHOUTEK 

The comet Kohoutek, which is 
likely to make a sensational 
appearance and will be visible to 
the naked eye for four months or 
so, will be at its peak in December 
when it will be visible in full day¬ 
light. It will be visible to the naked 
eye from about the first of 
November. 

There was not time for the orga¬ 
nisation of a probe to intercept this 
comet though in other fields the 
early warning of its advent is useful. 
Professional gatherings have been 
held to set' up a study programme 
and to avoid unnecessary duplica¬ 
tion of observations. 

Studies will be made in infra-red 
and observations in the 50-100 
micrometre wavelengths will be 
made from a jet plane. It may well 
be that a programme will be set for 
observations from Skylab. 

It so happens that a number of 
dispersed observations from auto¬ 
matic satellites and a probe will be 
able to provide useful data. Satel¬ 
lites OSO-3 and OSO-7 will be able 
to make photographic observations 
and Mariner 10 will be able to 
monitor the inter-planetary medium 
as it proceeds on its journey to 
Venus and Mercury. 

All these study programmes will 
help to practice different techniques 
which can be used for the special 
observations of Halley’s comet 
which is due in 1986. 


LIGHTS IN THE SKY 

Three years ago a search for 
fluorescent pulses, induced by X- 
ray photons, was made. During this 
observation the fast atmospheric 
pulsations of light were discovered. 
Since this discovery there have been 
observations which threw more 
light on these effects. 

At Ankara H. Ogelman has made 
observations with baselines of 175 
and 3,300 kilometres. The results 
of this work are being correlated, 
but first results seem to indicate 
that these FAP’s, as they are called, 
appear from discrete directions and 
are more frequent than was 
supposed. 

The energies are being measured 
and later results will appear in this 
column. 


MARS VEHICLES 

Considerable re-design may be 
necessary for the manned vehicles 
to Mars because of the high radia¬ 
tion levels that might be normally 
encountered. 

This conclusion arises from the 
examination of the materials of the 
Apollo spacecraft after returning 
from the Moon. The extent of the 
radiation has supplied the solution 
and it is thought a re-arrangement 
of the present design will be pos¬ 
sible to overcome this hazard. 
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★ A Total Quadraphonic System 

it An advanced design AMjFM radio ★ Complete loudspeaker enclosure design 


if Flexible design allows individual modules to be incorporated in existing equipment 
■4r Switching facilities and modules for SQ, QS(RM) and CD4 systems 


"T"he previous articles described the construction of 
I the SQ decoder, the power amplifiers, pre¬ 
amplifiers and volume/tone/balance controls, their 
circuits and operation. 

The present article is devoted to the construction 
of the power supply and the construction and 
assembly of the main chassis member. 


POWER SUPPLY 

The power requirements for the Rondo are dual 
rails providing positive and negative supplies with 
a centre earth for the preamplifiers, tone controls and 
power amplifiers, and a positive rail and negative 
earth supply for the tuners, stereo decoder and 
quadraphonic decoder(s). 
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COMPONENTS... 


POWER SUPPLY 

Resistors 

R32 1'5ko 
R33 470o 
R34 4700 
R35 39o 
R36 330 
All iW 10%. 



Fig. 3.2. Circuit board master for the Rondo power supply 



V 


Fig.3.3. Componentlayoutforthe power supply board viewed from 
the component side 






































MAIN CHASSIS DETAILS 



Fig. 3.4. Main supporting chassis metalwork shown in general detail in the fabricated form and 
with external critical dimensions for simplicity. There should be no reinforcement where the 
sides meet, as the sides must be able to be pressed inwards when the wooden sleeve is fitted 
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POWER AMPLIFIERS SUPPLY 

The dual rail supply is, as shown in Fig. 3.1, 
derived from a 20-0-20V transformer T1 winding 
with a 4A capacity rectified by two bridge rectifiers 
D1-D8 in parallel. The expedient of using two 
smaller (at lower cost) unmatched, bridge rectifiers 
in parallel is open to criticism because of “current 
hogging”. That is, that the rectifier with the lower 
impedance will have a higher current flow. The recti¬ 
fiers have been chosen so that, under all operating 
■conditions, there are no detrimental effects due 
to this phenomenon. 

The transformer centre tap is taken direct to the 
junction of two 3,500/iF main smoothing capacitors 
Cl9, C20, joined negative to positive, and the 
rectified d.c. supply to the free positive and negative 
terminals of these capacitors respectively. The d.c. 
voltage, after rectification, is around +25 to —25V. 
(The centre zero is at earth potential.) The supplies 
to the main power amplifier output stages are taken 
direct from the main smoothing capacitors. 

OTHER BOARD SUPPLIES 

All the 748’s are fed from ± 15V d.c. rails obtained 
by dropping through resistors R33, R34 from the 
+ 25V supplies smoothed by two 1,000/^F capacitors 
C21, C22. As these rails do not have to be at pre¬ 
cisely 15V but the i.c.s have to be protected against 
exceeding a maximum rating of 18V, they are 
“clamped” to 15V by two Zener diodes (D14 and 
D15). 

The positive rail and negative earth supply is 
obtained from a separate winding on the trans¬ 
former Tl. This winding is 24V a.c. at 250mA 
and is rectified by a 1A bridge rectifier, D9 to D12, 
smoothed and then regulated by a series regulator 
circuit TR6, R32 and D13 to 24V d.c. and smoothed 
again. 

From this point is taken the supply to the varicap 
diodes of the f.m. tuner. 

A further ladder of droppers, Zeners and 
smoothing capacitors produces 20V d.c. to the SQ 
decoder, 18V d.c. to the a.m. tuner, f.m. tuner head 
transistors, i.f. stages and the stereo multiplex 
decoder. The values of the ladder are chosen so 
that either the a.m. or f.m. tuner may be on, or 
both tuners off, without disturbing the voltages of 
the other supplies significantly. 

The components C26 and C27 and resistor R37, 
together with D18 are associated with the tuner unit 
(yet to be described) and in fact appear on that 
unit’s board. They are shown here merely for 
completeness. 

CONSTRUCTION 

The power supply p.c.b. master negative is shown 
in Fig. 3.2 which indicates the simplicity of the cir¬ 
cuit in practice. 

The component layout appears in Fig. 3.3 which 
is self explanatory. Capacitors Cl 9 and C20 are 
too large for board mounting and are in fact 
clamped in the main chassis. 

MAIN CHASSIS 

The main chassis member is a rectangular box- 
form which in fact sits on its back in the final 
assembly. Thus it is used as a trough with com¬ 
ponents mounted within it rather than in the more 
conventional manner. 



General view of the “trough” form of the main 
chassis for the Rondo showing the orientation of the 
power amplifiers and power supply with some of the 
general wiring in place. Plug and socket holes are 
not sized as this will depend on items selected 


The chassis is shown in the bent-up form in Fig. 
3.4. The material used for the prototype was '20 
s.w.g. mild steel plate but of course this may present 
some difficulties to constructors since it is not easy 
to bend. Thus it is possible to use 16 s.w.g. “half- 
hard" aluminium sheet which is somewhat easier to 
bend or, indeed, to fabricate the structure from flat 
sheets cut to size. For this reason only the major 
dimensions have been given as it is felt that each 
constructor will probably adopt his own style of 
construction. 

It should be added that the chassis, in the proto¬ 
type design, contains all the various parts of the 
system and supports the outer wooden case and 
facia which is in the form of a sleeve which slips 
over the unit and is fastened to the chassis. 

PLUGS AND SOCKETS 

As individual constructors may wish to vary the 
types and sizes of plugs and sockets used the posi¬ 
tioning shown is open to variation to suit though 
of course major shifting of components is not 
advised as this can create feedback paths for which 
the equipment is not designed. 

CHASSIS SCREENS 

The power supply includes the mains transformer, 
board and main smoothing capacitors and the whole 
is placed behind a shield to cut down hum pick-up 
at the pre-amplifier and elsewhere. 

Two screens are used, as illustrated in Fig. 3.5 
and 6. The smaller acts as a support for the power 
supply p.c.b. and is fastened to the transformer 
using 4BA screws. The p.c.b. is then attached to the 
screen using 6BA screws and £in spacers. 

The larger screen is assembled later in the 
sequence and is held in place using self-tapping 
screws. 

Note that the transistors in the power amplifier last 
month should be type MJE3055K 

Next month we will finalise the mechanical assembly 
details and discuss the unit interwiring 
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DOGGED RESISTANCE 


Honestly, the trouble to which 
people go in order to maintain their 
various equilibria. 

The latest in this mania for status 
quo manipulation appeared in a 
letter to a professional U.S. mag¬ 
azine. This, in fact, took the form 
of a reply to an earlier piece of 
correspondence which complained 
about noise from a barking dog, and 
which simply requested “Help! 
Widget wanted to drive the Mutts 
Nuts." 

Help, if this is what iVcould be 
referred to, appeared a month later 
as a package deal comprising a 
20kHz oscillator and (twenty watt!) 
amplifier combo driving a hi-fi 
tweeter horn. The suggestion was, 
that by continuous use, although no 
human would be able to hear the 
thing, poor ole’ Fido would make such 
an awful din that his ever-loving 
owner, thinking he'd gone out of his 
tiny mind, would be just itching the 
next day to have him put down! 

Now no one could accuse me of 
holding any torches for the canine 
community, nevertheless, I cannot 
help feeling that this is a singularly 
pernicious use of electronics.—One 
couldn't help noticing that the corres¬ 
pondent had asked to have his name 
withheld! 


LSI or AU PAIR? 

The number of times we have to 
hear about the feasibility of robof 
"flunkies" in the home, and how 
extraordinarily easy it’s all going to be 
once they're installed. All you need 
is a handful of super-LSI chips, 
and you'll never look back! No 
doubt, the electronics represent no 


insurmountable problem, but how 
practical would something like this 
be, even assuming the mechanical 
aspects could be solved? 

The variety of jobs that can be 
performed by automated equipment 
is already overwhelming; what with 
tumble driers, telephone answerers, 
record players, etc., it might even be 
questionable whether a place exists 
for robots in the true sense of the 
word. Yet, I read, just last week, that 
Dr George Mueller of Systems 
Development Corporation, California, 
reckons that a computerised set-up 
of this sort would be a viable proposi¬ 
tion within, say, ten years. 

Once written, I suppose, executive 
programmes having the same general 
format could be hard-wired into the 
devices prior to despatch. The 
“crunch" might come when the new 
owner needed to programme the 
confounded thing for the sundry 
tasks around the home. 



Imagine trying to write a pro¬ 
gramme for accomplishing the 
“simple” job of pouring drinks. 
You would need to tell it to "come out 
of your storage cupboard", "turn left 
after three feet”, "continue for nine 
feet seven inches” (at this point you 
might be wondering whether it only 
understood metric), "stop", "move 
right arm slowly towards cupboard 
right-hand handle”, "grip handle 
gently and rotate it 180 degrees 
counter-clockwise” (supposing that 
the catch didn't release until 181 
degrees?). 

"Carefully open door 120 degrees, 
then release handle", "lower arm, and 
scan inside cupboard for port bottle 
(does robot think I mean the bottle on 
the left?), “if located, remove the 
cork in this bottle and pour a 
quantity of liquid from the bottle 
into each of the glasses situated 
below the bottle rack", "ensure that 
each glass is only filled to the J 
mark", etc., etc. 

With such a system, one need only 
forget about junior's toy duck, ‘plum 
in the middle' of the automaton’s 
path, to give it a full-blown seizure! 


A machine able to rely on learning 
techniques might prove to be a better 
proposition, always provided you 
could tolerate the broken glass, 
wine-sodden carpets, and the bill 
from the psychiatrist while it got the 
hang of things! 

MAINSTREAM 

By nature (I'm told) the trout is a 
lazy sort of fellah; loves to bask him¬ 
self in the sun, and only makes a 
sudden dart across the current if, in 
his myopic way, he fancies he's seen 
a fly somewhere on the surface. In 
this life, though, there is rarely 
anything that escapes exploitation 
and the trout represents a typical case 
in point. 

Recently, you see, the waterworks 
at Boran sur Oise, hear Paris, have 
overcome some difficulties associ¬ 
ated with the monitoring of pollution 
levels by recruiting the aid of this 
delicious member of the aquaticae. 
Seemingly, ordinary detection/warn¬ 
ing systems in this application are 
insufficiently sensitive; as a corollary, 
the waterboard's laboratory have 
"roped-in" three good-sized brown 
trout to do the job instead. 

Each animal is located in a glass¬ 
sided tank fed from normal supply 
water and running at a rate con¬ 
sistent with typical river current. 
Normally, the trout orientates himself 
up-stream; however, if conditions 
cause the water to be slightly pol¬ 
luted, he’ll about-turn to face down¬ 
stream. 

By fitting up each of the fish with 
tiny electrodes, an alarm can be 
triggered whenever all three fish do a 
simultaneous "flip round". Individ¬ 
uals turning-tail are ignored by logic 
ANDing circuits to avoid false 
alarms. 

Several days of this treatment do 
not appear to upset these creatures, 
in spite of the fact that if any of them 
stop swimming they are given an 
electric shock into the bargain. 
Since these animals are required to 
work in a sterile environment one 
wonders what technical arrange¬ 
ments have been made to feed 'em 
tool 
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KTjj 

THE HALF ADDER 


•MK 


T HE circuit we left you to puzzle over last month was 
another form of the EXCLUSIVE OR gate. The Boolean 
expressions for the various nodes are shown in Fig. I. The 
outputs of the two gates that are WIRED OR’d together 
would have been A + F and A + B respectively without the 
link between them but as soon as the link is made these two 
functions become ANDed together and then it is a simple 
matter of Boolean manipulation to show that the output 
function is EXCLUSIVE OR. 


' □ □ 



by M. J. Hughes 


Binary Addition 

It is necessary to understand the basic principle of adding 
together two binary integers. The rules are very simple— 
in fact exactly the same as in conventional denary arithmetic 
except that whenever you get a sum greater than I you must 
carry over a digit into the next ccjlumn. Let’s take the simple 
case of adding two single digit numbers together. We’ll 
call the digits A and B to differentiate between them and 
show the sum and carry—when necessary—in the following 
simple table. Note that we are carrying out pure addition 
here and in this instance + means plus and not OR 
Digit A Digit B Sum 
0 + 0=0 

1 + 0=1 

0+1 =1 
I + I =0 (carry I over) 

In this list of sums we have used every permutation of the 
two numbers. Compare the arithmetic with the truth table 
for the EXCLUSIVE OR gate shown in Fig. 2. If we used 
electrical signals to represent the numbers we wanted to add 
together and could accept an electrical signal as an answer 
you can see that the output of an EXCLUSIVE OR gate 
gives use a true representation of the sum of the two binary 
integers. It does not, however, give us the carry digit 
when we want to add I and I. In addition we only need a 
carry when we have I AND I so it is a simple matter to 
provide this output from the same pair of inputs by intro¬ 
ducing an AND function. 

Fig. 3 shows how this can be done by taking the AB function 
—generated at the centre node of the EXCLUSIVE OR—and 
inverting it. You can see that the truth table for the circuit 
shown in Fig. 3 is an exact replica of the answers we would 
wish to get when carrying out a binary addition. The circuit 
is called a half adder. As is often the case there are various 
ways of designing half adders—you now know at least three 
ways of making the EXCLUSIVE OR function so try making 
some more half adders yourself on the Logic Tutor. 

You might query why this is called a half adder. The 
reason is that when we come to add together two multi- 
digit numbers (see Fig. 4) our current circuit is quite capable 
of dealing with the least significant column (i) but when we 
come on to the other columns we have to be able to add 
together the respective digits of numbers A and B but also 
have to be able to add in any carry over that was generated 
in the previous (lesser significance) column. Thus to add 
multidigit numbers together we must have a circuit that can 
handle three inputs. 

A circuit that will do this is called the full adder and we 
shall deal with this next month. 





Fig. 4. When carrying out addition of two multidigit 
numbers a half adder is capable of dealing with 
column (i) but when it comes to column (ii) there 
must be provision for three inputs, digit (ii) of A + 
digit (ii) of B + possible carry over from column (i). 
The same applies to all higher power columns 
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With these added units the keyboard 
becomes a unique musical instrument 


\A/hen the Sound Synthesiser was originally pre- 
” ' sented for publication it was the intention that 
it should be classed as a general purpose instrument 
which could be exploited in the widest possible 
number of 'ways and yet retain a basic simplicity of 
design and ease of construction. During the course 
of the series however many readers have commented 
that the musical capabilities of the instrument have 
been severely restricted by the lack of logarithmic 
v.c.o.s and thus the oscillator to be described in 
this article has been included in the keyboard unit 
in the hope that it will put matters right. 

Prospective constructors should note that although 
the logarithmic v.c.o. is based on the linear v.c.o. 
which was described in Part 3, the parameters of 
operation are quite different and the setting-up is 
rather more critical if it is desired to operate the 
device within the limitations of a precise range of 
control voltages. 

Although limited to about 11 octaves range with 
the design values given, it is possible to adjust the 
operating points to coyer a much wider bandwidth. 
The prototype has operated quite happily from less 
than 1Hz to greater than 150kHz with a control 
voltage swing of about 11V and there is no reason 
to suppose that it could not reach 1MHz, or greater, 
if the integrator output voltage were to be reduced 
and a faster comparator employed. As a result it 
is possible that the oscillator may be suitable for 
a number of applications outside the sphere of sound 
synthesis. 

The v.c.o. is shown in block schematic form in 
Fig. 10.1. The control voltage to the oscillator is 
modified in a differential input summer and then 
applied to a constant current generator housed in 
a “transistor oven". The output of the current 
generator is then led to an integrator/comparator 
stage through the medium of a current switch which 
is controlled jointly by the comparator and inverter. 
The triangular wave output is led to a waveform 
shaping circuit which provides a sine wave having 
a very low harmonic content. 

DESIGN CONSIDERATIONS 

It was decided that the best way of providing 
a log law performance to the basic v.c.o. outlined 
in Part 3 of the series was to utilise the entirely 
predictable logarithmic relationship between the 
base/emitter voltage (V be ) and collector current (I c ) 
of a bipolar transistor. 


This month we start detailing the operation and 
construction of the keyboard unit for the synthesiser. 
Regular readers of P.E. who may have been put off 
by the apparent complexity and/or cost of the syn¬ 
thesiser project as a whole may be interested to learn 
that the facilities offered by the keyboard unit are such 
as to allow the instrument to be classed as a music 
synthesiser in its own right, and at an overall cost of 
less than £80. Main features of the instrument are 
as follows: 

Two tracking oscillators featuring a variable 
logarithmic law which allows compatibility with a 
wide range of control voltages and provides square, 
triangular and high purity sine wave outputs. 

A novel “floating" divider system which greatly 
simplifies tuning the instrument and by means of 
which the compass of the keyboard can be swung, 
in tune, from a low frequency of about 6Hz to a high 
frequency greater than 27kHz. The divider features a 
switchable "span" facility. 

Two modulation amplifiers by means of which the 
oscillators may frequency modulate one another 
either separately or at the same time. 

Two analogue memory circuits which retain the 
last programmed divider voltage to either oscillator. 
Separate portamento controls are incorporated in 
the hold circuits giving six values of delay from 
instantaneous to one second. 

Two simplified envelope shapers incorporating 
voltage controlled amplifiers each having a variable 
Attack and Decay characteristic and featuring a 
switched percussive attack. 

A simple two channel, fixed gain mixer. 

Finally, the keyboard divider system incorporates a 
link switch which allows the two oscillators to be pro¬ 
grammed independently by the lower 18 and upper 
31 keys respectively. This particular feature greatly 
improves the “live performance” possibilities. An 
independent p.s.u. is included. 
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Although the current generator could be almost 
any discrete transistor the effect of ambient tempera¬ 
ture variations would be such as to cause the cur¬ 
rent demand to vary quite widely and thus adversely 
affect the “tune” of the oscillator. Consequently it 
was decided to make use of the inherently close 
thermal and electrical matching between transistors 
mounted in a monolithic integrated circuit — the 
ML3046P and CA3046 both having been tried in 
the prototype. Extremely close thermal stability is 
ensured by employing two of the transistors in the 
array as a heater and sensor respectively and term¬ 
ing the whole arrangement as a “transistor oven.” 

Fig. 10.2a shows a detailed arrangement of the 
“oven” while Fig. 10.2b shows the pin connections 
for the 3046 device. Fig. 10.3 illustrates how the 
V be of transistors on the array will vary over a 
wide range of temperatures and provides a guide 
as to the actual temperature of the chip when the 
V be of the sensing transistor is known. 

In Fig. 10.2a Q1 serves as the heating element 
while Q2 is used to sense the temperature of the 
chip. The V be of Q2 is compared with a reference 


voltage set up by R3, VR1 and R4. The reference 
voltage will correspond to a temperature which is 
considerably higher than ambient and will thus be 
at a lower value than Q2V be when power is first 
applied. Thus the comparator will switch positive 
and turn on Ql. As the temperature of the chip 
rises Q2V be will fall to a point where it is equal 
to or less than the reference voltage at which time 
the comparator will switch negative and turn off Ql. 

The criteria determining the value of R1 are as 
follows:— 

1. The temperature of the chip must be set con¬ 
siderably above normal ambient conditions (say 
40 degrees to 45 degrees Centigrade). 

2. The combined power dissipation of Ql and 
Q2 must exceed, by a wide margin, the com¬ 
bined power dissipation of the remaining tran¬ 
sistors in the array. 

3. The current switching of Ql must not be so 
violent as to impart a significant jitter to the 
oscillator waveform. 



Fig. 10.2(a). Detailed arrangement of the transistor oven ; (b) pin connections of the ML3046 and CA3046. 
Note that pin 13 must be connected to the most negative point in circuit 
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Fig. 10.3. Showing the change in Vbefor variations in 
ambient temperature for the ML3046 and CA3046 


In practice the value of R1 which gives the closest 
approach to the above criteria is 270 kilohms. With 
this value it is possible to set Q2V be to 680mV, that 
is approximately 45 degrees Centigrade while the 
combined dissipation of Q1 and Q2 is about 90mW 
as opposed to the combined dissipation of Q4 and 
Q5 (the current generators) of about l-4mW. De¬ 
tailed setting-up instructions for the “oven” are 
given later in this article. 



Fig. 10.4. Simplified layout of oscillator section 
showing operation of current switch 


CURRENT SWITCH 

Having thus established a thermally stable current 
generator it now remains to couple this to the input 
of the v.c.o. In the linear version of the v.c.o. a 
diode bridge was employed which was switched 
entirely by the action of the comparator. While this 
system could no doubt still operate satisfactorily a 
rather more sophisticated version has been adopted 
which utilises transistors in place of diodes. The 
so-called current switch is illustrated In Fig. 10.4. 
Assuming that the output of IC4 is positive to start 
with, the operation of the current switch is as 
follows. 

With IC4 positive, the output of IC5 is negative 
and thus TR3 and TR4 are on and off respectively. 
With TR3 on the current generator demand will 
cause a drain across R15 and thus make the base 
of TR1 more negative than its emitter. TR1 will 
then turn on in proportion to the demand of the 
current generator and a current flow I C1 is estab¬ 
lished through TR1, R15 and TR3. I C1 will set up a 
p.d. across R15 which will have the effect of biasing 
on TR2 and establishing a second current flow, I C2 
through R16 and TR2. 

This latter current flow is entirely dependent upon 
the demand of the current generator which is vary¬ 
ing the p.d. across R15 and thus TR2 may be said 
to track the demand of the current generator. The 
closer the matching of R15/R16 and TR1 and TR2, 
the better will be the tracking and the better the 
symmetry of the integrator output waveform. Ther¬ 
mal stability is not a problem with TR1 and TR2 
since the arrangement gives an equal and opposite 
reaction between these transistors for any variation 
in temperature. 

I c , causes the integrator to ramp negatively and at 
a predetermined negative level IC4 will switch nega¬ 
tive and IC5 positive. Thus TR3 and TR4 are now 
off and on respectively and since TR3 is off so 
also is TR2 and the current generator now dis¬ 
charges Cl via TR4 at a constant rate. The 
integrator will thus ramp positively until the switch¬ 
ing point of IC4 is reached at which time the cycle 
repeats. 


SINE WAVE SHAPER 

The sine wave shaper used in the v.c.o. has been 
adapted from a design by D. T. Smith which 
appeared in Wireless World (Feb. 1973). Fig. 10.5 
shows a detail of the circuit together with the wave¬ 
forms presented at various points when the circuit is 
producing a sine wave having a low harmonic 
content. 

The sine-shaper utilises the non-linear charac¬ 
teristics of a field-effect transistor in order to produce 
the desired output waveform and thus the operating 
points are quite critical. R20, 21 and D5, 6 provide 
a network which allows the gate to track the input 
signal and apply the necessary degree of “pinch- 
off” as the source signal approaches its maximum 
on both positive and negative half-cycles. Since the 
gain of the f.e.t. is changing continuously relative 
to the input signal the device may be considered to 
be operating in the ohmic region as a voltage vari¬ 
able resistor. 

In Fig. 10.5 VR5 controls the d.c. offset of the 
input waveform and it is necessary to compensate for 
slight asymmetries which could be introduced in 
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Fig. 10.5. Showing the waveforms occurring in the 
sine shaper. VR6 is adjusted for minimum third 
harmonic distortion and VR7 for minimum second 
harmonic distortion 



the oscillator section. Over adjustment of VR5 in 
either direction can provide an alternative output 
waveform rich in harmonics. 

VR6 sets the input signal level to the network. 
Too low a setting and the output waveform will 
be triangular while too much gain will give a wave¬ 
form which is virtually a rounded off trapezoid. 
Careful adjustment of VR6 enables third harmonic 
distortion on the output to be reduced to a 
minimum. 

VR7 controls the output amplitude of the signal. 
Too great a setting and the sine wave will become 
peaky while too low a setting will result in a squat, 
flattened out, waveform. Thus VR7 may be con¬ 
sidered to control the second harmonic level and 
should be adjusted to minimise this characteristic. 

BUILDING THE OSCILLATORS 

The theoretical circuit of the complete oscillator 
module is shown in Fig. 10.6 while the recommended 
circuit board layout is shown in Fig. 10.7. It is 
strongly urged that construction of the module 
follows the guidelines suggested otherwise the inter- 
dependance of some of the controls is likely to make 
the final setting-up something of a nightmare. 

Construction should start with assembly of the 
transistor oven, differential input summers and cur¬ 
rent generators. R1 should be 470 kilohm and left 
with fairly long leads to facilitate exchange during 
the final setting-up. Position the temperature con¬ 
trol, preset VR1 to the R3 end of its travel to 
ensure that the comparator goes negative and thus 
turns off Q1 when power is applied. RIO should 
then be temporarily linked to the 0V rail and a 
decision taken as to the fate of Rll. This resistor 
is optional in that it may be utilised to provide a 
third controlling input to the v.c.o. or it may be 
omitted at this stage without affecting anything. 
However, if it is decided to include Rll for the 
purpose of possible future additions to the circuitry 
it is important to remember that its presence could 
possibly compromise the setting-up of the oscillator 
if certain precautions are not taken. 


If a third programming signal is to arrive at the 
oscillator from a low impedance source such as the 
output of another operational amplifier it is impor¬ 
tant that Rll also be temporarily linked to the 0V 
rail. Alternatively Rll may be left open circuit with 
the idea of using it only for the provision of 
occasional programming signals during which the 
tuning of the oscillator will have to be adjusted by 
means of VR4. In the setting-up instructions which 
follow R11 is open circuit. 


SETTING UP 

Since only one current generator can be set-up at 
a time the base of the second one (Q5) should be 
temporarily linked to the —15V rail to reduce the 
possibility of accidents. Set VR3 so that its value is 
530 ohms. Note that if the positive lead of the 
ohmmeter is coupled to the —15V rail for this 
measurement the reading will not be compromised 
by the forward conduction of Q4. Set VR2 to the 
R6 end of its travel to ensure the minimum forward 
bias of Q4. 

Set VR4 to its minimum setting and connect a 
milliammeter between the collector of Q4 and the 
0V rail as shown in Fig. 10.8. As a safety pre¬ 
caution set the milliammeter to the 25mA range to 
start with. If the wiring up has been correctly 
carried out the milliammeter will show no reading 
when power is applied. On the other hand if the 
base of Q4 is incorrectly biased towards the positive 
region Q4 will pass a large current on switch-on 
which, besides possibly destroying the transistor, 
could also damage the meter. 

Apply power and if no meter movement is 
observed reset to the 1mA range. Again there 
should be no obvious reading. Adjust VR2 towards 
the R5 end until the pointer of the meter makes a 
definite upward movement. At this point swing VR4 
carefully over its full range and observe the maxi¬ 
mum current drawn through Q4. The actual figure 
can vary quite widely at this stage and will prob¬ 
ably be in the region 0-25-0-75mA. 
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approximately 12V positive, but, as the chip tem¬ 
perature stabilises, the zero point will move down 
to about +6V to + 9V. Monitor the base emitter 
voltage of Q2 which should be in the region 650mV 
to 680mV. 


LOW LOAD POINT 

At this time all four connected transistors are con¬ 
tributing towards the heating on the chip. Q1 with 
its 470 kilohms base resistor will be passing about 
3mA and contributing about 45mW, Q2 in passing 
1mA will be contributing about 15mW whilst Q4 
and Q5 will be contributing about 6mW jointly. 
These latter devices, however, are passing consider¬ 
ably more current than they will be required to do 
when coupled to their respective oscillators and run¬ 
ning at high frequency. It is therefore necessary to 
establish a low load set point to ensure that the 
oven maintains the same temperature over the full 
working range of the oscillators. 

On both Q4 and Q5 reduce VR4 to its setting and 
readjust VR2 hard over towards R6—in other words 
reduce the forward bias on the transistors to the 
absolute minimum. These adjustments will cause 


Set VR4 so that the meter is reading 0-2mA and 
place a slightly moistened finger on IC8—the tran¬ 
sistor array. The meter reading should be seen to 
increase quite rapidly. Having made the above 
adjustments switch off and remove the meter from 
the collector circuit of Q4. Without disturbing the 
setting of any of the potentiometers temporarily link 
Q4 collector of the 0V rail. The same adjustments 
should now be made to the circuitry around Q5— 
having first removed the base/negative rail link. 

In this case, however, leave the meter in circuit 
for the next stage of setting-up which entails fixing 
the thermal working points of the transistor oven. 

Couple the oscilloscope to the output of the com¬ 
parator IC1 which, at this point, will be about 
— 14V. Carefully adjust VR1 until the comparator 
switches to +14V. At this time two things will 
start to happen. The first is that the meter will show 
a progressive increase in reading which, if the 
adjustment of VR1 has been made with care, should 
not exceed 1 mA. The second is that within a second 
or so of the comparator switching positive the 
oscilloscope trace, which starts as a straight line, 
Will begin to display a varying waveform. 

At first the oscillation will zero about 
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the oven temperature to fall and thus the com¬ 
parator switching waveform will tend to move more 
positive and revert to a straight line trace. 

Monitor the base/emitter voltage of Q2 again 
which, with the comparator positive, should not be 
greater than 680mV. If it is, or if, after a few 
seconds, the comparator waveform does not show 
signs of rippling, then the heat dissipation of Q1 
is insufficient to maintain the set temperature. Much, 



Vbe Qz = 680mV: Rt = 7500 


Voltage 

“A" 

“B" 

Bias + Control 


(mV) 

2-74 

2-74 

12nA (calc) 

395 

2-74 

5-75 

160nA 

461 

2-74 

7-76 

600nA 

500 

2-74 

8-76 

1-5/xA 

528 

2-74 

9-76 

3-7(iA 

550 

2-74 

10-78 

7-(VA 

570 

2-74 

11-78 

20-0/uA 

595 

2-74 

12-78 

41-O^A 

617 

2-74 

14-39 

60-0/iA 

630 


Referred to 

OV Rail 


Referred 
to -15V 


Rail 


Fig. 10.8. Measurements of Q4Vbe made with Avo 8 
which illustrate the degree of error that is possible 
when interpreting the reading 


of course, depends upon the ambient conditions when 
these measurements are being made and it is best 
to set up the low load point at the coolest tempera¬ 
ture at which the v.c.o. is likely to be operated. 

Under cool conditions therefore, if the comparator 
still does not ripple, it will be necessary to adjust 
the value of R1 to increase the current through Ql. 
In the prototype a value of 270 kilohms proved to be 
satisfactory and gave the desired comparator switch¬ 
ing waveform at low load. The value of R1 is 
quite important because if it is too low the current 
switched by Ql will be excessive and cause a con¬ 
siderable degree of jitter on the oscillator waveform. 

Monitor Q2V be once more and adjust VR1 as 
necessary to bring the voltage to 680mV. All setting¬ 
up on the prototype oscillator was carried out at this 
value and it is important to bear in mind that the 
values of all subsequent measurements bear a close 
relation to this figure. If Q2V be is lower than 
680mV this implies that the temperature of the oven 
is higher and thus Q4 will pass a higher current for 
any given value of control voltage. Since the 
frequency of the oscillator is linearly related to the 
current through Q4 then the frequency will also be 
higher. 

The reverse will occur if the value of Q2V be is 
higher than the specified figure. However, for small 
variations from the specified value, the performance 
of the oscillator will still remain wholly logarithmic 
and sufficient tolerance has been allowed in the 
biasing control VR2 to compensate for such varia¬ 
tions. Once satisfied that the upper and lower tem¬ 
perature set points have been correctly established 
VR1 may be locked with a small dab of non-conduc- 
tive adhesive such as Araldite. Link the bases of 
Q4 and Q5 temporarily to the —15V rail. 



Fig. 10.9. Basic circuit elements of the oscillator and 
inverter (IC5). Resistor R is any value between 2kO 
and 1MO and is temporarily coupled as shown to 
prove oscillator function 

PROVING THE OSCILLATORS 

Fig. 10.9 shows the circuit elements involved in 
the construction of the oscillator section. When 
these items have been assembled temporarily con¬ 
nect a resistor of between 2 kilohm and 1 megohm 
from the junction of R27/R30 and the inverting 
input of IC3. With an oscilloscope monitoring the 
output of IC3 apply power and a triangular wave¬ 
form will be observed at a frequency dependent 
upon the value of linking resistor chosen. Having 
proved the functioning of the oscillator assemble 
one current switch and couple to a current generator 
having first removed its base shorting link. Resistors 
R28/29 and R32/33 should be added at this time. 
The purpose of these resistors is to establish a nega¬ 
tive bias point for transistors TR3 and TR4 in the 
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Fig. 10.10. Control voltage/frequency relationship 


current switch and whereas the exact value of the 
resistors concerned is not entirely critical it is impor¬ 
tant that R28/32 and R29/33 be as closely matched 
as possible to ensure that the bias points of TR3 
and TR4 are the same. 

A quick check may now be made to ensure that 
the separate circuits work together as a complete 
unit. Remember to reset VR2 and VR4 to about 
mid position. Depending upon the setting of VR3 
it is possible that rotation of VR4 will cause the 
oscillator to go into saturation towards either 
extremity but this is not important at this stage and 
will be dealt with during final setting up. 

The next stage is to build the second oscillator 
following the same general pattern and, having 
established that it functions, begin the process of 
matching the performance. The closest possible 
matching of performance will be obtained if rela¬ 
tively close tolerance components have been used 
in the construction and, for this reason, 2 per cent 
resistors have been specified throughout. In 
particular it is prudent to obtain a matched pair of 
integrating capacitors (Cl). 

BIASING 

Firstly it is necessary to establish a value of 
minimum bias on Q4 and Q5 which will support 
oscillation. Due to the inherently close electrical 
matching of the transistors on the 3046 the same 
level of bias will result in current flows through the 
transistors which are, for all practical purposes, 
identical. In the prototype it was found that the 
output of IC2 was at H-2-74V referred to the OV 
rail for an oscillation frequency of 0-2Hz. 

Set VR4 to its minimum position and adjust VR2 
until the output voltage on IC2 (both oscillators) 
reaches +2-74V as above. Monitoring the integrator 
output waveform on both oscillators at the same 
i time, if possible, adjust VR3 on Q4 and Q5 with the 

I greatest care so that both oscillators are running 

at the same frequency—the exact rate is not critical. 
With VR4 still at its minimum setting apply an 
external control voltage to RIO on both oscillators 
at the same time having first broken the temporary 
link connecting RIO to the OV rail. A fresh 9V 
battery with a suitable potentiometer coupled across 
its terminals is ideal for the purpose of providing the 
control voltage. 

Connect the positive end of the battery to the OV 
rail and the slider of the potentiometer to both 
RIO’s. With the slider hard negative monitor the 


output frequencies of both oscillators, preferably 
at the same time, and confirm that they are run¬ 
ning at the same frequency which should be in the 
region of 3kHz. Note that since the oscillators are 
not phase locked a certain degree of drift between 
them is almost inevitable and it should be the aim 
to reduce the amount of drift, by adjustment of 
VR3, to within 1 per cent or better of the frequency 
being monitored. Thus for a frequency of 3kHz a 
drift of about 30Hz would be at the limits of accept¬ 
ability. Compare frequencies at various settings of 
the potentiometer to ensur? that the frequencies and 
drift relationships remain stable over the full range. 

OFFSETTING SATURATION 

If, at the minimum setting, either or both oscil¬ 
lators go into saturation due to the adjustments made 
to VR3 it will be necessary to establish a slightly 
higher bias point by re-adjustment of VR2 and then 
repeat the whole of the setting up procedure so far 
outlined. Careful adjustment will result in a pair of 
oscillators which track the control voltages very 
accurately. It should not be the aim to reduce the 
drift between the oscillators to a very low figure as 
the beat frequency introduced by a drift of 0-5 per 
cent to 1 per cent will add interest and colour to 
the sound when both oscillators are being pro¬ 
grammed in harmony. On the other hand a very 
low beat frequency can add quite unpleasant 
characteristics to a sound. 

When satisfied that the oscillators are tracking 
over the full range of the control potentiometer the 
control voltage measured at the output of IC2 
should be plotted against the frequency of oscilla¬ 
tion at various points in the range. Fig. 10.10 shows 
the result of plotting the performance of the proto¬ 
type oscillators. 

F.E.T. CHARACTERISTICS 

Before beginning the assembly of the sine shaper it 
is necpssary to determine the exact characteristics of 
the f.e.t. which is to be used in the circuit. The two 
operational parameters which require to be known 
are the saturation current (I DSS ) at zero gate bias 
and the gate bias required to reduce the current 
through the device to negligible proportions. Fig. 
10.1 la/b illustrates the methods of making the 
measurements specified. If a variable voltage source 



Fig. 10.11(a). Method for determining loss at Vgs= 
O(b) method for determining Vgs when Ids=0 
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Fig. 10.12. Grach showing how V p and Idss vary with 

Vos 


is available it is preferable to use this in the source 
drain circuit rather than the divider arrangement 
illustrated and thereby gain the benefit of greater 
accuracy in the measurements. 

The first stage is to measure the I DSS at zero gate 
, bias. With the variable voltage source at zero volts 
and the milliammeter on the ImA range gradually 
increase the voltage setting, plotting, at various 
stages, the current/voltage relationship. 

The point which is of interest is that at which 
further increases in voltage result in only a very 
small increase in current through the device. The 
voltage at which this phenomenon first occurs is 
known as the pinch-off voltage (V p ) and should be 
carefully recorded. After the pinch-off point has 
been reached the voltage may be increased quite 
significantly with very little increase in current until 
the avalanche breakdown region is reached. At this 
point the current through the f.e.t. will increase 
hugely and almost instantaneously and result in the 
destruction of the device. Hence the requirement to 
plot the measurements very carefully and note the 
point at which V p is reached. 

Fig. 10.12 shows a typical family of curves for 
any one f.e.t. and depicts the way in which the pinch- 
off voltage reduces as the gate bias is made progres¬ 
sively more negative with respect to the source. The 
next measurement to make therefore is the point at 
which the current through the f.e.t. reduces to negli¬ 
gible proportions and the set-up for doing this is 
illustrated in Fig. 10.11b. Having made the connec¬ 
tions shown and with the 10 kilohm potentiometer 
wiper at the positive end of its travel adjust the 
variable voltage source so that the meter is indicat¬ 
ing the I I1SS . At this point gradually advance the 
wiper and note that the meter reading reduces in 
proportion. Switch to a lower range on the meter 
as required and advance until the reading is zero. 
At this point carefully measure and note the voltage 
across the gate/source of the f.e.t. 

The value of resistor R22 in the sine shaper is 
calculated on the basis of the readings above in the 
following way:— 



w. 


1 \f~\ » 



'A/YZw 


Fig. 10.13. Showing the effect on the sine shaper out¬ 
put waveform of adjustment of VR6 and VR7(a), VR6 
too Jow (b), VR6 too high (c), VR7 too high (d), VR7 


The V p in the above calculation refers to the value 
of gate/source voltage at which the current through 
the f.e.t. is zero. The value of the resistor will 
depend on the actual characteristics of individual 
f.e.t.s but would normally be expected to be quite 
small. In the prototype, for example, R22 was 
180 ohms in one shaper and 270 ohms in the other. 
The value of VR7 should be chosen to provide a 
fairly wide margin of adjustment over the calcu¬ 
lated value of R22 and in most cases a 500 ohm 
preset would be satisfactory. 

ASSEMBLY 

Having completed the above measurements the 
sine shaper can now be assembled. Bear in mind 
that f.e.t.s can be rather tricky to handle and it is 
a wise precaution to solder all the other com¬ 
ponents in position before actually inserting and fix¬ 
ing the f.e.t. 

Setting-up the sine shaper consists of adjusting the 
values of VR5, 6 and 7 to provide the optimum 
sine wave. With power on adjust VR4 so that the 
oscillator is running at about 3kHz and monitor the 
output of IC7. The preset adjustments should be 
made with reference to Fig. 10.13 which illustrates 
the various waveform characteristics associated with 
these controls. 

If a sine-wave oscillator is available it is helpful 
to compare the output of the shaper with a 
“genuine” sine wave of the same frequency. The 
scale of the waveform on the oscilloscope screen 
should be as large as possible for this purpose. This 
latter procedure was carried out with the prototype 
shapers and resulted in a sine wave output having 
a total harmonic distortion of only 1 per cent. A 
wave analyser or distortion meter if available could 
enable a higher purity sine wave to be obtained. 

Next month: Envelope shaper, mixer networks and 
analogue memories for the keyboard unit. 
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operating range of these diodes 
is quite sufficient for most applica¬ 
tions. 


Circuit 

A number of alternative 
approaches offer themselves for 
use here. One could use the 
“ bridge ” method with the measur¬ 
ing diode set up in a bridge circuit 
and the amplifier looking at the 
bridge signal. 

However, a simpler approach is 
to use the amplifier as a differential 
amplifier which can compare two 
input voltages, one due to the 
diode and the other variable in 
order to select the point at which 
the scale of the instrument starts. 

Such a circuit is shown in Fig. 1, 
where the diode D1 is connected 
to vary the inverting input of the 
operational amplifier whilst the 
non-inverting input is set by 
the potentiometer VR1. The choice 
of inputs is required to give an 
increasing output voltage for 


A temperature measuring device 
with many applications 


temperature is not the same for 
all temperatures. 

There is a much smaller and, in 
linearity terms, more accurate 
device readily available, the 
forward - biased semiconductor 
diode. 


Diode Probe 

It is admitted that the range 
over which a small silicon switch¬ 
ing diode can be used in tempera¬ 
ture terms is limited to the area 
Which will not damage the device, 
namely from around -60°C to 
+ 180°C. In addition, the variation 
of resistance and thus voltage 
across the diode is very small for 
a change in temperature of 1 
degree C, in the region of 2-5 to 
3-5mV. 

Thus the change needs to be 
amplified in some way if it is to 
be useful. 

The advent of cheap integrated 
circuit amplifiers has provided the 
answer to that problem and the 


T HE electronic thermometer has 
been proposed in various 
forms, usually associated with a 
thermistor detecting element. This 
latter is a resistor the value of 
which changes with changes in 
temperature, hence the name from 
thermal resistor. 

However, whilst capable of pro¬ 
viding an indication with fairly 
simple circuitry, this device is 
basically non-linear, the change in 
resistance for a given change in 


COMPONENTS... 


Resistors 

R1 22kl2 
R2 1-5ki2 
R3 1-5kt2 
All 10% }W carbon 

Potentiometers 

VR2 22kl! } skelet01 ? P resets 

Diodes 

D1 1N914 (or 1S914 or other 
silicon diode) 

D2 BZY88 (5-6V) Zener diode 

Integrated Circuit 

IC1 741 Operational Amplifier 

Miscellaneous 

ME1 0-1 mA Meter' (see text) 
Veroboard (free with this issue) 
Total cost 
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increasing temperature as the 
temperature co-efficient of D1 is in 
fact negative. 

Thus if D1 is placed in a bath 
of melting ice and VR1 altered to 
give a zero output reading at 
V out , and then placed in boiling 
water the input to the amplifier will 
fall by about 200mV and the output 
will rise by a value equivalent to 
200mV x the gain of the amplifier 
(£CVR2) which may be several 
volts. 


Practical Considerations 

In practice things are never that 
simple. In the first place it is advis¬ 
able to ensure that the voltage 
supply to the non-inverting input is 
stabilised. This can be simply 
achieved using a Zener diode. 

Secondly, other components in 
the circuit can be temperature 
sensitive as well as the measuring 
diode. 

The effects of this can be mini¬ 
mised by keeping the circuit 
simple. Thus the Zener diode has 
a similar coefficient to the measur¬ 
ing diode and as these are con¬ 
nected to opposite inputs of the 
amplifier they tend to cancel out. 

The variation of other com¬ 
ponents with temperature will 
normally be small and probably 
give rise to output errors of around 
1 per cent when using carbon 
track potentiometers and ordinary 
carbon resistors. If greater 
accuracy is required then wire- 
wound potentiometers and metal 
film resistors should be used. 


Final Circuit 

The final circuit is shown in Fig. 
2, where D2, the Zener diode can 


be seen providing the stabilisation 
for the VR1 voltage. In addition 
the inputs are isolated by resistors 
R1 and R2 and the amplifier feed¬ 
back path is provided by VR2 
which also acts as signal diode 
input load. 


Indication 

Depending on the meter one has 
to hand, there is a requirement 
for an output resistor or not. Thus 
used with a simple high 
impedance voltmeter there is no 
need for R3. However, if as in the 
case of the writer you use a 0 to 
1mA movement some form of 
current limiter is needed and R3 
provides this. 


Power Requirements 

V cc can be as low as 9V with 
very effective results and thus two 
PP3 batteries are all that is really 
required. 


Construction 

In practice the board could be 
suitably drilled and then mounted 
on one of the meter screws of the 
indicating meter, the whole being 
mounted in a small box capable 
of taking the two batteries as well. 

The probe is, in the simplest 
form, just a dipde at the end of 
a length of twin flex. But of course 
such a device is unprotected 
against ingress of moisture and 
chemicals so it should be pro¬ 
tected perhaps with a coating of 
cellulose paint or Araldite or a 
similar insulating coating. 

Two things to remember here. 
The coating thickness will reduce 
reaction speed as it increases and 
if any clinical applications are 
considered then care should be 
taken not to use materials injurious 
to.health. Thus some people are 
allergic to modern resins and their 
use here could be dangerous. 

For mechanical strength the 
diode could be attached to some 
form of metal carrier (say the 
inside of a thin-walled tube) using 
Araldite and this latter used as a 
probe. 
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ing ice and boiling water and 
adjusting the potentiometers. 

First the ice water. This gives 
the zero reference and for this one 
adjusts VR1, setting the comparison 
voltage for the amplifier. 

Now the boiling water which 
could be simmering in a pan. for 
which one adjusts the gain via 
VR2 to give f.s.d. on the meter. 

These two steps need repeating 
a few times as they tend to inter¬ 
relate a little. 

Now we have a meter reading 
0 to 100°C instead of mA. 

Clearly one can just as simply 
make these two end points align 
to 32 and 212 on a 0 to 300 scale 
and thus read in degrees F. 

Equally the scale can be ex- 
Danded or contracted as needed 
to suit individual requirements -^r 


mm 


A musician’s aid to a fuller 
performance 


W AA-WAA is quite old now as a 
musician’s device, but in the 
amateur area the addition of this 
exciting special effect can raise a 
performance from mediocrity by 
judicious use. 

The Waa-Waa unit to be de¬ 
scribed can be used for organs 
or guitars but some alterations may 
be required at the output to pre¬ 
vent the following pre-amplifier 
overloading. 


Twin-T Oscillator 

The circuit shown in Fig. 1 is 
probably the simplest of all twin-T 
designs. It consists of a high gain 
silicon transistor and attendant RC 
networks which form the twin-T 
configuration. 

These networks establish the 
circuits response frequency and 
are composed of R3-R4-C4 and 
C3-C5-VR2. R3 and R4 also provide 
a d.c. bias feedback path from the 


collector to the transistor base. 

To understand the working of 
the circuit first, assume the resis¬ 
tance of VR1 is zero. If the resis¬ 
tance of VR2 is also zero or very 
small the circuit is quiescent. 


As VR2 is increased in value the 
circuit will begin to oscillate at its 
natural fundamental frequency. 
Further increase in resistance de¬ 
creases the oscillation frequency 
until finally it cuts off. 





Calibration 

With the equipment shown one 
can now measure temperature 
within the range of the individual 
diode (they vary a little from 
sample to sample). 


Thus taking the case of the 
simplest ana'probably most quoted 
scale known, 0°C to 100°C, and 
using the 0 to 1mA indicator it is 
simply a matter of alternately 
dipping the probe diode into melt¬ 
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The frequency change involved 
is just over an octave. This oscil¬ 
latory span is important for the 
generation of the Waa-Waa effect 
as will be seen later. 


In this particular case the unit 
was arranged before the main 
amplifier but some resistance in 
the output was required to prevent 
overloading. 

Ideally, a foot pedal mechanically 
linking with VR2 should be made, 
this assembly also accommodating 
the circuitry. 

For guitars the input impedance 
is such as to suit most signal lines. 

★ 


COMPONENTS... 


Resistors 

R1 100kn 
R2 10kl 2 

R3, R4 10Okl2 (2 off) 

All 10% iW carbon 
Capacitors 
Cl, C2 0-1 mF 
C3, C5 0 01/xF (2 off) 

C4 0 047 m F 
Potentiometers 
VR1 4-7kQ preset 
VR2 50kO carbon 
Transistors 

TR1 ZTX 300 (Ferranti) 

Miscellaneous 

Veroboard (free with this 
issue), 9V battery 


circuit to oscillate. Do this by 
maintaining VR1 at'zero and adjust¬ 
ing VR2 for oscillation which may 
be detected at a 'scope or 
amplifier. 

When this happens increase the 
resistance of VR1 until oscillation 
just cuts off. The unit is now ready 
for use. 


Using It 

The prototype has been used on 
a Japanese two manual organ and 
proved to be very successful on 
low frequency brass and reed stops 
particularly when chords were 
played. Apart from these more 
dramatic areas Waa-Waa was also 
apparent through all the other 
registers on upper and lower key¬ 
boards and also on single notes. 


Resonant Amplifier 

At the point where oscillations 
stopped the circuit may be 
shocked into ringing oscillation by 
touching the base of the transistor. 
If, however, an input is applied to 
Cl at the ringing frequency this 
will be amplified. Other input 
frequencies within the previously 
mentioned octave span are also 
amplified but unequally. The 
response curve for this effective 
resonant amplifier is slightly asym¬ 
metric so producing the character¬ 
istic Waa-Waa sound when signal 
from an organ or guitar are 
applied. 


Construction 

To construct the unit first cut 
the copper strips according to Fig. 
2 using either a spot-face cutter 
or knife making sure that no small 
pieces of copper are left to short 
adjacent strips. Next mount the 
components taking particular care, 
when soldering the leads of TR1, 
that the iron is applied rapidly 
After visual inspection the unit 
be electrically checked. 


the unit up you must 
the 
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A simple light operated switch with numerous uses in the 
home 




O perational amplifiers and 
transducers can be used 
together in many applications 
apart from linear uses as in the 
electronic thermometer. Thus we 
can use an amplifier as a differen¬ 
tial switch so that it changes the 
state of a relay or other circuit 
element when the measured 
parameter reaches a given value. 

In the present instance the trans¬ 
ducer is a photoresistor (l.d.r.), a 
resistance which changes value 
dependent on the amount of light 
falling on its sensitive area. 


Circuit 

The circuit, shown in Fig. 1, is a 
light switch which has both vari¬ 
able sensitivity and the ability to 
operate for either rising or falling 
light values. The light dependent 



resistpr PCC1, together with resis¬ 
tor R1 sets the voltage at the 
inverting input of operational 
amplifier IC1. 

The level of the non-inverting 
input voltage is set by potentio¬ 
meter VR1, R2 and R3 serving to 
set the "spread" of adjustment 
available from VR1. 

Voltage at input pin 2 depends 
on the light falling on PCC1 and 
thus its resistance value. Hence, 
alteration of VR1 sets the voltage 
at input pin 3 and thus the light 
level or “sensitivity” of the device. 

The amplifier is used as a 
saturated switch which controls the 
base voltage of TR1 which in turn 
controls the relay RLA. 

In the circuit as shown a reduc¬ 
tion of light falling on PCC1 
increases its resistance causing 


input 2 to become more negative 
with respect to input 3. The ampli¬ 
fier saturates and the output rises 
to 9 volts thus turning TR1 on and 
actuating the relay. 

If one wants to reverse the 
reaction and cause switching as 
light increases then it is simply a 
matter of reversing PCC1 and R1 
in the circuit. 


Construction 

As with the thermometer, all 
components with the exception of 
battery, sensor and output items. 
such as the relay are mounted on 
the Veroboard sample as shown in 
Fig. 2. 

Only five cuts are needed in the 
copper track in this case, four for 
the pins of the operational amplifier 
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or its holder if one is used as in 
the prototype, and one to separate 
the output from VR1. 

As can be seen, pins tiave been 
used to bring out the battery, input 
and output connections but of 
course wiring may be connected 
directly to the board if desired 


Applications 

A circuit of this type can be 
used anywhere it is necessary to 
measure and control as a result of 
light variation. A side light control 
for a car is a typical idea. Other 
automotive applications include 


light actuation of a garage door, 
car light failure alarm and perhaps 
even a burglar alarm. 

Similarly in the home there are 
many applications starting off with 
things like a burglar alarm, light 
switches to turn tiouse illumination 
on after dusk both for convenience 
and security and the like. 

In technical areas devices of this 
sort can be used as object coun¬ 
ters on a production line, as end- 
stops for limiting machine travel, 
as automatic door openers and so 

Dependent on the light resistor 
used the equipment will be sensi¬ 
tive to slightly different areas of 
the visible light spectrum but for 
normal visible light work most types 
will suffice including the well- 
known ORP 12 and its brothers 
from Mullard. -jr 



Multi-purpose switching by touch alone 


T HE touch switch has many 
household, commercial and 
industrial applications. Specific 
examples in each area are intru¬ 
sion alarms, opening supermarket 
doors and safety devices for 
machine operators. 

In principle, simply touching a 
wire or metal plate will cause a 
relay to operate. To fulfil this the 
intermediary circuitry must be 
sufficiently sensitive to detect the 
very small noise currents provided 
by the hand. 


Timer Chip 

Touch switch circuits usually 
consist of cascaded amplifier 
stages (f.e.t. or bipolar). Construc¬ 


tion of these for a beginner can 
be irksome and the results dis¬ 
appointing through spurious trig¬ 
gering, a common condition with 
these circuits 

A convenient and economic 
package which can be simply 
adapted for this role is the Sig- 
netics 555 timer integrated circuit. 
Although this is usually used to 
provide accurate delay periods 
from microseconds to hours it will 
suit our purpose to use this facility 
to provide a variable period latch 
for the relay. 

Input sensitivity is extremely 
high and the chip has a useful 
relay drive capability so that any 
relay coil operating in the 6-9V 
range and up to 200mA. 


Simple Circuit 

The first thing that one notices 
in looking at the circuit of Fig. 1 
is its simplicity and economy in 
parts which makes for easy 
construction. 

Since the internal functioning of 
the 555 was more than adequately 
covered in the June 1973 issue it 
will suffice to say that the circuit 
operates as a sensitive monostable. 

In the quiescent state, that is 
with no hand applied to the touch 
plate or wire, battery drain is about 
7mA none of this being taken by 
the relay. When a hand is applied 
relay coil current flows and the 
contacts close for a period deter¬ 
mined by the timing constants R1 
and Cl. 
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For the component values shown 
the time is around 3 seconds but 
longer delay periods can be 
achieved by increasing the value 
of Cl. With the resistor given delay 
periods in seconds for a particular 
capacitor can be approximated by 
the> simple equation t = 9C, where 
is in microfarads. For a delay 
of an hour you would, for example, 
need a 400//F capacitor but leak¬ 
age would no doubt affect this 
estimate. A practical limit for very 
long delays would be about 
1d,000/*F. 


Triggering 

The current required at pin 2 to 
activate the circuit need only be 
half a microamp which indicates 
the extreme sensitivity. Unfortun¬ 
ately this can create probleme of 
backlash triggering particularly 
with inductive loads. This is 
obviated by the inclusion of R2 

The transient suppressing diode 
protecting the chip can in fact be 
any switching diode. 

Touch Off 

There are times when a touch 
on/touch off switching facility 
might be required as with say, a 
bedside night light. For this do 


COMPONENTS... 


Resistors 

R1 8-2Mn 
R2 2-2MU 

All 10% i watt carbon 

Caoacitors 

Cl 0-33/tF polyester (see 
text) 


Miscellaneous 

Veroboard (free with this 
issue), 9V battery 


4m 



not connect pin 4 to the supply 
line but to another touch plate. A 
simple method of providing two 
adjacent touch plates is to join 
equal numbers of copper strips on 
a largish piece of Veroboard and 
simply wiring each “plate” to the 
appropriate 555 pin. 


Construction 

The components are easily 
mounted on the sample Veroboard 
as in Fig. 2. Cuts to be made in 
the copper underside are also 
clearly shown. 


The 8 pin d.i.p. socket was 
included as it simplifies any future 
need to remove the chip either 
through damage or for use in 
another project 


Other Relays 

The delay periods provided by 
the timing component are almost 
independent of supply voltage. 
Since the 555 can be operated 
between 4-5 and 16V the supply 
rail can be lifted to accommodate 
other relay drive requirements but 
this should not exceed 16V and 
200mA. ★ 
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R apid, often startling, developments which have 
been made in the field of telecommunications 
owe much to the application of electronics. But elec¬ 
tronics are, of course, contributing to the advance of 
other forms of human communication. Take, for 
example, one of the most traditional communications 
systems of all—the letter post. Electronics have an 
essential role in the multi-million pound plans to 
automate Britain’s postal service. 


THE NEED FOR AUTOMATION 

The need to automate the postal service is impera¬ 
tive for two major reasons. First, to reduce the 
service’s dependence on manpower (75 per cent of all 
Britain’s postal costs are for labour) and secondly to 
maintain traditionally high standards while meeting 
the demands of today’s fast moving world. 

Since each of the 35 million letters the Post Office 
handles every working day in this country may have 
to be sorted up to eight times during its journey there 
is clearly ample scope for mechanisation and, helped 
by electronics, much has already been achieved. 
Electronics systems are enabling machines to select, 
stack and sort letters automatically at speeds far 
1 higher than even the most skilful postman-sorter. 

The key to automation is the British postcode 
system, of its kind the most advanced in the world. 
Postcodes have been developed as the answer, or at 
! least a supremely effective compromise, to the so far 
insuperable problem of total automation through 
machine-read addresses. Research is progressing but 
apart from the obvious difficulties with machine¬ 
reading of handwritten addresses it will still be many 
years before even typescript addresses can be read 
reliably without unreasonable restrictions on inks or 
type faces. 

The postcode, however, by expressing an address 
in a machine language, easily keyed and translatable 
electronically, enables a high degree of automatic 
sorting to be introduced with present technology. 


THE PRESENT SITUATION 

Fully mechanised sorting offices are now operating 
at 12 centres in Britain and the eventual total will 
be around 100. Progress and the eventual success of 
the system depend on two factors—the completion 
of the programme to give each of Britain’s 20 million 
addresses its own postcode; and the subsequent use 
of the postcodes by the public. In fact, postcoding 
of the country will be completed by August this year 
and while use of existing postcodes is rising steadily 
the importance of maximum use will become clear 
from the remainder of this article. 


THE POSTCODE 

The postcode is familiar to most people but the 
reasoning behind its planning and form is not so 
widely known and its explanation is appropriate 
here. 

In fact the principle is simple. Each code consists 
of between five and seven alpha-numerical charac¬ 
ters. The first one or two alphabetic characters in the 
code refer to one of 121 main towns or code centres 
in the UK (e.g. S for Sheffield, IP for Ipswich, LS for 
Leeds). A number following the alphabetic characters 
in the first or “outward” part of the code represents 
a sub-division of the area (e.g. IP3, IP7, IP17). These 
districts are geographic units similar in concept to 
the familiar London postal districts, such as SE1. 

Each district is sub-divided into smaller areas or 
sectors which are again geographic units, repre¬ 
sented by the first character or “inward” part of the 
postcode (e.g. IP3 9~, LS8 5-, etc.). Finally, the last 
two characters of the postcode give information 
about a street, part of a street, or, in the case of 
larger firms, a single address. 

Thus a complete code in the case of part of a 
street in Ipswich for example reads IP3 7PS with the 
final two letters, PS, pinpointing that part of the 
street—usually between 15 and 20 addresses. 


INITIAL SORTING 

During initial sortation specially trained operators 
at postcoding desks equipped with electronic key¬ 
boards read each code and print onto the envelopes 
a series of code marks. The complete code is trans¬ 
lated into a pattern of up to 28 marks and printed 
in two rows of 14. The code marks are virtually 
invisible to the naked eye but glow blue under ultra¬ 
violet exposure (see Fig. 1). The glow remains for a 
time after the ultra-violet light has been removed and 
this after-glow is detected by a photo-multiplier tube 
and the pattern recovered. 

The pattern is next translated electronically to 
decide into which of 144 sorting boxes the letter is 
to be deposited by the machine. Once the postcode 
has been transcribed at the coding desk repeated 
exposure of the code marks and subsequent reading 
allow fully automatic sorting of the letter during its 
journey until it reaches the postman who is to take 
it on his delivery round. 


FOUR PROCESSES 

While looking in closer detail at the electronics 
behind the coding desk and the automatic sorting 
machine it is necessary to follow in sequence the 
'Post Office Mechanisation Branch 
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four processes which a letter goes through from 
being received in the sorting office and being slotted 
automatically into its sorting box on the machine. 
The first two processes—segregation and facing—are 
preparatory to the final two—coding and sorting. 

When letters arrive in a fully mechanised sorting 
office those which can be handled by automatic 
sorting machinery must be segregated from those 
which cannot. A wide assortment of letter shapes 
and sizes are found in every mail collection and 
those that are too unwieldy or thick must be culled 
from the letter stream before being allowed to pass 
into and possibly jam, or severely damage, the auto¬ 
matic sorting equipment. 

The letters pass through a series of ingenious pro¬ 
cesses—rotating slatted drums, tilted conveyor belts, 
spaced rollers—which between them allow the un¬ 
suitably sized letters to slip from, or be plucked out 
of the stream, collected and then sorted by hand. 
The remaining letters are stacked automatically and 
passed to the next machine—the automatic letter 
facer (ALF). This is the first of the automatic sort¬ 
ing stages to employ electronics (see Fig. 2). 


AUTOMATIC LETTER FACER (ALF) 

The job of ALF is to arrange the letters so that 
they face the same way (the stamp upwards) pre¬ 
paratory to the stamps being postmarked or can¬ 
celled. Additionally ALF separates First and Second 
class letters so that the former may be sorted later. 

While the operation of letter sorting machinery 
relies on the glow picked up from the code-marks 
printed onto the envelopes at the coding desk, ALF 
relies on a similar glow effect but obtained from 
the stamps themselves. Each stamp is surfaced with 
bars of phosphorescent material. The number of bars 
differ according to the value of the stamp. This 
enables the machine to detect if a stamp is present 
on the envelope, its position and whether the letter 
is being sent First or Second class. 

ALF first strips letters off the feed stack and 
accelerates them along a series of rollers to obtain 
a stream of letters with a small gap between each 
one. The letters then pass under the first of two 
arrays of ultra-violet (UV) lamps which causes the 
phosphor on the stamps to glow. The glow con¬ 
tinues after the letter has left the UV section and 
passes under two photo-multiplier tubes. 

One of the tubes scans the top section of the letter 
face (which was exposed to the UV) and the other 
tube looks at the bottom of the face. In the dark 
only a tiny current flows in the multiplier but the 
glow from a UV “excited” stamp boosts the current. 

The change in the current is detected and if a 
stamp is “seen” at either end of the letter face the 
letter is allowed to pass on. If no glow is picked up 
ALF assumes that the letter is facing the wrong way 
up and routes the letter through a twisted belt section 
to turn the letter over. 

Now, all facing the same way, the letters pass 
under a second series of UV lamps and photomulti¬ 
plier tubes. This time the number of phosphor bars 
on the stamps are noted and the letters identified as 
First or Second Class. At this stage, also, underpaid 
letters and those bearing no stamps are spotted. 

ALF actually sorts letters into five boxes (can¬ 
celling their stamps on the way) of which two are 
for First Class, two for Second Class and the fifth 
for underpaid letters. Pairs of boxes are needed so 



Fig. 1. A typical postcode pattern. The dots 
imprinted at the coding desk are normally 
almost invisible to the naked eye and have been 
outlined here 


that letters with stamps in the leading position can 
be separated from those with stamps in the trailing 
position. The operator who unloads ALF correctly 
combines these two stacks before passing them to 
the next stage, the postcoding desk. 


CODING DESK 

The Coding Desk, with the help of an operator, 
provides each letter with its pattern of UV sensitive 
marks translated from the postcode. Where letters do 
not carry a postcode the operators imprint a code 
giving the post-town destination of the letter which 
enables initial automatic sorting to go ahead. But 
without the complete information which the correct 
postcode provides these letters must pass through a 
second coding desk to identify the delivery street 


Fig. 2. Inside an automatic letter facing machine 
(ALF) which arranges letters so that they face 
the same way and the correct way up in the 
sorting office. ALF also separates first and 
second class mail and cancels the stamps, 
dealing with up to 20,000 items of mail an hour 
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ELECTRONIC TRANSLATOR 

The signals from each coding desk keyboard are 
sent to an electronic translator which contains a 
memory store of the patterns sent out from the key¬ 
boards. The translator recognises when the operator 
has completed a postcode and converts it into a 
pattern of 28 binary digits (bits). This 28 bit answer 
is then transmitted to the coding desk. Once this 
answer is received the coded letter is moved on to 
the print position. 

Because the code marks are indelible the letter is 
held for a time in a cancel position so that the 
operator has time to correct any mistake before the 
irrevocable printing step is taken. 

The information received by the translator on the 
code pattern to be printed applies to the letter held 
in the “cancel” position and must be remembered 
until the letter is printed. Thus two translations must 
be stored in the desk and kept in synchronisation as 
the letters pass through. From being first presented 
in the display window to printing the average time 
the letter spends in the coding desk is two seconds. 

After printing, the letter is ejected and collected 
and stacked automatically before being passed 
through the sorting machine. (In delivery offices post- 
coded letters arriving from other offices have already 
been through the coding desk stage at the previous 
office and are simply sorted automatically down to 
street or single address level. Here the last part, or 
“inward” code is used). 


THE LETTER SORTING MACHINE 

Like the coding desk and ALF the sorting machine 
(see Fig. 4) is fed letters in stacks and has first to 
separate them into a stream of spaced letters. They 
are then passed under UV lamps to generate the 
glow from the imprinted code-marks which are 
detected by the. code-mark reader. 

In the reader the row of marks on the letter pass 
a narrow slot behind which is a photo-multiplier 
tube which “recognises” each mark it sees by the 
increased current caused in the tube. The coded 
marks are read and stored in the sorting machine’s 
memory. The code is fed into a second electronic 
translator which returns a 15-bit pattern identifying 
the box to which the letter should be routed. 


ROTATION 

The machine continues to store the translation 
and passes it on in stages for every two inches of 
letter travel. About three feet after passing the code- 
reader the letter is rotated through 90 degrees to 
travel the remainder of the machine with its longest 
edge forwards. 

Just before the right-angle rotation a photo-electric 
beam is broken to give an exact positional reference 
of the letter within the machine. The original code¬ 
mark translation continues to be passed on its stages 
while the machine keeps track of the letter. When it 
arrives at the appropriate sorting box the box is 
opened and the letter has been sorted. 

If the sorting machine is being used for outward 
mail (that is letters which are to go on to another 
sorting office) the letters are taken from the boxes, 
bundled and sent on by road or rail in the normal 
way. If the machine is sorting letters which are to 


Fig. 3. Letters passing through a postcoding 
desk operated by a specially trained postman 


when they arrive at the delivery sorting office. The 
full potential of the postcode is therefore missed and 
hence the importance of using the postcode wherever 
it is known. 

The coding desk presents each letter at a display 
"window” facing the operator who is seated at a 
keyboard (see Fig. 3). The operator, who is a 
specially trained postman, types out the postcode on 
his keyboard which converts each character into a 
different pattern of binary signals on six wires. 


Fig. 4. A medium speed Letter Sorting Machine 
with 144 selection boxes. These automatic 
machines read the first half of the postcode 
and sort the letters to their office of destination. 
At this office coded letters are again automatic¬ 
ally sorted by machines which read the second 
half of the code and sort for the appropriate 
delivery postman 
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be delivered in the sorting office area (inward mail) 
the letters are taken from the boxes and prepared for 
actual delivery by the postman on his round. 


SYNCHRONISATION 

All three of the machines described in this article, 
ALF, the coding desk and the sorting machine, must 
perform the required operation on each letter pass¬ 
ing through the machine at the correct relative time. 

To achieve this on the sorting machine and ALF 
it is necessary to pick up a signal to keep the elec¬ 
tronics in synchronisation with the machine and 
hence the letters moving through it. This is achieved 


11111111 


Fig. 5a. Diagrammatic representation of a shift 
register. The timing pulses cause the data 
held in each of the bistables to be shifted one 
place to the right 



Fig. 5b. After eight shifts the letter will have 
reached the franking roller and a logic 1 in 
position 8 of the shift register causes the stamp 
to be cancelled 

by shining a light beam through a series of holes 
drilled around the perimeter of a wheel driven by 
the machine’s transport belts. A phototransistor is 
illuminated by the beam whenever a hole passes. The 
current changes in the phototransistor are detected 
and used to generate timing pulses which step data 
through electronic models of the machines and hence 
control the letter flow. 

All the control functions of the machines follow 
a simple scheme. Somewhere on the machine some 
characteristic of the letter is inspected and the signals 
generated are converted to logic voltages. From this 
information a decision is taken as to which of a 
number of operations the letter should undergo. 
However the alternative operations may be carried 
out some distance down the machine and it is neces¬ 
sary to keep track of the letter and its data until the 
point of operation is reached. 


SHIFT REGISTER 

This letter tracking is achieved by storing the data 
in a shift register and moving it one place down 
the machine for each timing pulse received. Thus on 
the sorting machine and ALF each stage of the shift 
register represents information associated with a 
letter whose leading edge is in a particular 2in length 
of belt. 

At some later stage on the machine, where the 
operation has to be carried out, the associated shift 
register stage can be looked at electronically to 
detect when the letter is present and then indicate 
the operation. The word carried down the shift 
register varies in complexity from a single bit on 
part of ALF indicating whether or not a letter has 
to be turned over, to the 15 bits identifying the 
sorting machine outlet. 

The Shift Register has a vital role to play in 
postal machines; repeatedly information is collected 
some distance from the position where action is 
taken on it. 

In simple terms, let the figure represent an 8 stage 
shift register which represents the occupancy of 
16 inches of a machine’s transport belts. When no 
letters are present all the stages of the shift register 
are at logic “0” (Fig. 5a). A photo-electric eye 
detects the leading edge of a letter and marks the 
first stage of the shift register at logic “1” so it now 
reads 100 000 00. Each timing pulse from the 
machine passes the information on stage down the 
register. So, after 7 pulses, stage 8 alone will be 
marked 000 000 01 if no more letters have entered 
this section of belt. 

A logic circuit is used to detect stage 8 being 
switched to .logic “1” and causes the franking roller 
(14 inches from the photoelectric eye) to operate, 
cancelling the stamp (Fig. 5b). 

Shift registers can be made to carry much more 
information and this need not all be collected at the 
same time. 


ELECTRONIC CIRCUITS 

From the “job descriptions” of the machines in¬ 
volved in automated mail handling it is clear that 
they rely heavily on electronics for both machine 
timing control and data storage. 

All the electronic circuits required are constructed 
from components soldered onto small plug-in printed 
circuit boards. The components used—silicon planar 
epitaxial diodes and transistors, metal oxide resistors 
and polystyrene capacitors—are qll highly reliable. 
However reliable, of course, some failures are 
inevitable, in which case a new circuit can readily be 
inserted in exchange. 

Many thousands of these circuits are in use by the 
Post Office throughout the country. Although more 
than a hundred different circuits have been developed 
for various tasks, perhaps a dozen commonly-used 
circuits form some 90 per cent of the total. 


DIGITAL LOGIC 

Most of these common circuits are digital logic 
circuits requiring inputs of either +6-6 volts (logic 
“0”) or 0 volts (logic “1”) and giving outputs at the 
same levels. Some of the circuits, however, have to 
interface between the logic system and the electro¬ 
magnetic devices used to control the machine. One 
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of these gives a logic output when the current in a 
phototransistor exceeds a certain level; another has 
to apply voltage to a load device (which could be a 
diverter or print pin solenoid) whenever its input is 
at 0 volts. However, not all circuits operate with 
logic levels at either input or output. 


DOLLILOG 

The range of logic circuits is often referred to as 
“Dollilog”. This name derives from “Dollis Hill 
Logic” after the PO Research Station at Dollis Hill 
where the system was developed. 

Some of the more common Dollilog circuits are 
described briefly in the following paragraphs together 
with some ideas on how they are used. 



Fig. 6. Circuit diagram of a three input NAND 
gate used in the Dollilog system 


NAND GATE 

The diagram (Fig. 6) shows a three input nand 
gate. The output (x) of this circuit will be at the 
logic “0” voltage ( + 6-6 volts) only if all three of the 
inputs (a, b and c) are at the logic “1” voltage (0 
volts). In this case the transistor will be cut off. 

If any one of the inputs is at the logic 0 voltage 
the transistor will be saturated and the output will 
be at the logic “I” voltage. 

The nand gate can be used to detect when several 
different conditions occur simultaneously and cause 
some process to be carried out. 

Other logic circuits are used, one of which only 
gives the logic “1” output voltage when all three 
inputs are at logic “0”, this being a nor gate. 
Another circuit gives a logic “1” if both inputs are 
the same. 


SCHMITT TRIGGER 

The Schmitt trigger has two outputs which are 
never the same. The outputs states interchange when 
ever an input voltage exceeds one threshold or falls 
below another. 


POWER AMPLIFIER 

The power amplifier’s output transistor will be 
saturated whenever the input to the circuit is at logic 
“1”. The usual circuit can control loads of up to 
25 watts although other high power versions exist. 


BISTABLE MULTIVIBRATOR 

The bistable multivibrator is another circuit which 
has two outputs which are always opposite. The out¬ 
puts are switched by pulses applied to “set” and 
“reset” inputs. Bistables can be used to store 
information. 


SHIFT REGISTER 

Shift registers are arrays of bistables with a com¬ 
mon clock input which can be pulsed to step data 
along the register. 


NEW TECHNOLOGY 

To some readers, these circuits will look a little 
dated. To some extent this is true; it must be 
remembered, however, that the system has proved 
satisfactory in use. The Post Office has to consider 
any change on this scale very seriously. Various 
factors have to be considered such as replacement 
cost, the cost of training maintenance engineers in 
any new system and the compatibility of any new 
equipment with the old. . 

At present, many new techniques are being tried 
and tested. The coding desk keyboard contains a 
number of DTL integrated circuits while the new 
memory which will replace the sorting machine’s 
original mechanical memory is being developed 
using MOS integrated circuits. A new translator uses 
small general purpose computers rather than speci¬ 
ally built electronic circuits. At present, however, 
only the relatively cheap keyboard, where size is 
critical, uses integrated circuits in a production item. 

★ 


EE POINTS THE WAY 

IN THE NOVEMBER ISSUE — 
AN 8 PAGE SUPPLEMENT 

on constructional methods. Shows how 
circuits can be built on various types of 
circuit board, etc. 

Using the supplement as an introduc¬ 
tion almost anyone can build any of the 
featured projects: 

4 Band T.R.F. Receiver— covers 
three short wavebands plus the 
normal medium wave—easy to build 
using ready wound coils throughout. 

Gas Alarm— simple detector and 
alarm for combustible gases and 
vapours and smoke. 

•fc Three By Three Game— a novel 
game for two players. 

Everyday Electronics the companion 

magazine to PRACTICAL ELECTRONICS. 
November issue on sale Friday, October 
19 — order your copy now. 
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The Sinclair Cambridge... 
no other calculator is so powerful 
and so compact. 

Complete kit-£24-95! 


The Cambridge - new from 
Sinclair 

The Cambridge is a 
new electronic 
calculator from Sinclair, 

Europe's largest 
calculator manufacturer. 

It offers the power to 
handle the most complex 
calculations, in a 
compact, reliable package. 

No other calculator can 
approach the specification 
below at anything like the 
price-and by building it 
yourself you can save a 
further £5-50! 

Truly pocket-sized 
With all its calculating 
capability, the Cambridge 
still measures just 
4i"x2"x-f|-".That means 
you can carry the Cambridge 
wherever you go without 
inconvenience - it fits in your 
pocket with barely a bulge. It 
runs on ordinary U16-type 
batteries which give weeks of 
life before replacement. 

Easy to assemble 
All parts are supplied - all you 
need provide is a soldering iron 
and a pair of cutters. Complete 
step-by-step instructions are 
provided, and our service department 
will back you throughout if you've any 
queries or problems. 

The cost ? J ust £27-45! 

The Sinclair Cambridge kit is supplied to you 
direct from the manufacturer. Ready 
assembled, it costs £32-95 - so you're 
saving £5-50 I Of course we'll be happy to 
supply you with one ready-assembled if 
you prefer-it's still far and away the best 
calculator value on the market. 



Features of the Sinclair 
Cambridge 

-X-Uniquely handy package. 

4i'x2'x4*', weight 3i oz. 

•ft Standard keyboard. All you 
needforcomplex calculations. 
-ftClear-last-entry feature. 
*Fully-floating decimal point. 
-ftAlgebraic logic. 

■ftFour operators (+, —, x, -i-), 
with constant on all four. 
■ftConstant acts as last entry 
in a calculation. 

-ftConstant and algebraic 
logic combine to act as a 
limited memory, allowing 
complex calculations on a 
calculator costing less 
than £30. 

-^-Calculates to 8 
significant digits, with 
exponent range from 
10- 20 to10 79 . 

* Cl ear, bright 8-digit 
display. 

-ftOperates for weeks on 
four U16-type batteries. 
(MN 2400 recommended.) 
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A complete kit! 

The kit comes to you packaged in a 
heavy-duty polystyrene container. It 
contains all you need to assemble 
your Sinclair Cambridge. 

Assembly time is about 3 hours. 

Contents: 

1. Coil. 

2. Large-scale integrated circuit. 

3. Interface chip. 

4. Thick-film resistor pack. 

5. Case mouldings, with buttons, 
window and light-up display in 
position. 

6. Printed circuit board. 

7. Keyboard panel. 

8. Electronic components pack 
(diodes, resistors, capacitors, 
transistor). 

9. Battery clips and on/off 
switch. 

10. Soft wallet. 


This valuable book free I 

f you just use your Sinclair Cambridge for 
;outine arithmetic - for shopping, 
sonversions, percentages, accounting, 
allying, and so on - then you'll get more 
:han your money's worth. 

3ut if you want to get even more out of it, 
rou can go one step further and learn 
tow to unlock the full potential of this 
aiece of electronic technology. 



booklet, written by a leading calculator 
design consultant. In its fact-packed 32 
pages it explains, step by step, how you 
can use the Sinclair Cambridge to carry 
out complex calculations like: 

Logs Sines Cosines 

Tangents Reciprocals nth roots 
Currency Compound 
conversion interest 
and many others... 

Sinclair Radionics Ltd, London Road, 

St Ives, Huntingdonshire 
Reg. no:699483England 
VAT Reg. no: 213 8170 88 
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Why only Sinclair can make you this offer 

The reason's simple: only Sinclair- Europe's largest electronic calculator 
manufacturer- have the necessary combination of skills and scale. 

Sinclair Radionics are the makers of the Executive - the smallest electronic 
calculator in the world. In spite of being one of the more expensive of the small 
calculators, it was a runaway best-seller. The experience gained on the Executive 
has enabled us to design and produce the Cambridge at this remarkably low price. 
But that in itself wouldn't be enough. Sinclair also have a very long experience of 
producing and marketing electronic kits. You may have used one, and you've 
almost certainly heard of them—the Sinclair Project 60 stereo modules. 

It seemed only logical to combine the knowledge of do-it-yourself kits with the 
knowledge of small calculator technology. 

And you benefit I 

Take advantage of this money-back, no-risks offer today 

The Sinclair Cambridge is fully guaranteed. Return your kit within 10 days, and 
we'll refund your money without question. All parts are tested and checked before 
despatch - and we guarantee a correctly-assembled calculator for one year. 
Simply fill in the preferential order form below and slip it in the post today. 

Price in kit form: £24 95 + £2 50 VAT. (Total: £27 45) 

Price fully built: £29 95 + £3 00 VAT. (Total: £32 95) 
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Fig. 2. A more complete circuit diagram showing l.e.d. seven segment display with 
all the necessary driver transistors. All voltages are with respect to the V ss line 
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DEVICES 
... APPLICATIONS 


FOUR DIGIT MOS CALCULATOR I.C. 


I t seems only a short while ago that we were all 
impressed by the technology needed to put a com¬ 
plete calculator on one chip, yet already General Instru¬ 
ment Microelectronics have developed a second 
generation M.O.S. calculator integrated circuit. The main 
advantage of the new device is greatly reduced power 
consumption, this being made possible by reducing the 
necessary supply voltage from 25 volts to 15 volts. 

The new calculator i.c.s, type C550 and C554, enable 
either eight (C550) or four (C554) digit calculators to 
be built. The reduction in power supply voltage is made 
possible by the use of new materials. The new process 
is called General Instrument Advance Nitride Tech¬ 
nology (GIANT). Reduction of power supply voltage 
reduces chip consumption to a mere 150mW. 

FOUR DIGIT CALCULATOR 

Since eight digit calculator i.c.s are most widely used 
the more unusual four digit i.c. (C554) will be described. 
This calculator needs only a four digit display so is 
much cheaper and probably just as useful as the eight 
digit type. 

Fig. 1 shows the block diagram of a calculator built 
around the C554. All switches would be contained on 
a keyboard. Some of the connections to the i.c. are used 
both as inputs and outputs, this being done to keep the 
pin count down to 24. The i.c. is driven by an 80kHz 
clock generator. 

The i.c. generates a strobe pulse at pin 23 which is fed 
to all the keyboard contacts except the interchange 
(INT) switch. If any of the keyboard contacts are closed 
during the strobe pulse then the appropriate input will 
be fed to the i.c. The strobe pulse only occupies a very 
small proportion of the total clock period, the rest 
being used to display the output. 

DISPLAY 

A multiplexing system is used for the output whereby 
each of the four digits is selected in turn. A seven 
segment output is generated on the same lines used as 
I numerical inputs (pins 6 to 12) as well as decimal noint 

I information. The display can be any seven seg¬ 

ment type such as l.e.d., liquid crystal or hot filament; 

! the driver (interface) circuit is the only thing that needs 
changing. 

; Fig. 2 shows a more detailed circuit diagram using 
l.e.d. seven segment displays and single transistor drivers. 
The 220kl! resistors are needed because the MOS output 
transistors are “open drain” types. All voltages are 
specified with respect to the F ss level. The 5600 
resistors are simply to limit the current through the 
l.e.d.s and the 4-7kil resistors are to limit the transistor 
base current. 

INTERCHANGE SWITCH 

One point that has not been so far explained is the 
interchange switch labelled int. The C554 has been 
described as a four digit device in that it only displays 


four digits at a time but, in fact, it can accept up to 
eight digit inputs and produces an eight digit output. The 
interchange switch interchanges the two sets of four 
digits so that more accurate answers may be obtained if 
desired. The l.e.d. shown indicates which of the groups 
is being displayed. The decimal point appears in which¬ 
ever group is appropriate; if the decimal point does 
not occur in the group being displayed it will be 
obvious as all the decimal points on all four digits will 
be illuminated. 

As mentioned earlier the C554 needs a 15V power 
supply and an 80kHz clock input. Both of these needs 
can be satisfied with the circuit shown in Fig. 4. An 
oscillator generates the 80kHz clock pulses and its out¬ 
put is fed to a regulator which gives 15V at up to 
10mA. 

USING THE CALCULATOR 

The C554 can perform all the normal arithmetic 
operations: addition, subtraction, multiplication and 
division. The true sign of answers is given if the result 
is negative, the minus sign replacing the most significant 
digit so that only three digits are available. 

There is a single clear key which can be used to clear 
either the complete calculator or the last entry. If the 
depression of the clear key is followed by pressing a 
function key, only the last entry will be cleared; if a 
digit key is pressed then the whole calculator will be 
cleared. 

There is a constant facility whereby a result of a 
calculation might be stored to be used after the entry 
of another number. The constant store can hold a 
multiplier, divisor, subtrahend or addend. 



Fig. 3. A power supply and clock generator for 
the C554 i.c. which is all that is needed to 
complete the calculator in Fig. 2 
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Hollowing the circuit description last month the 
I construction of the semi-conductor Tester will 
be described. 


CONSTRUCTION 

Most of the components are mounted on 0-1 Sin 
matrix Veroboard measuring 3fin X l|in. Breaks in 
the copper strips should be made as shown in the 
Veroboard layout of Fig. 7. 

The positions of the components are shown the 
reverse of Fig. 7, but the layout is not critical. The 
resistors and capacitors are mounted first, remember¬ 
ing to connect the electrolytic capacitor C6 (2/tF) 
the correct way round i.e. +ve to +ve. The com¬ 
ponent leads are fed through the Veroboard holes 
and bent so as to lie along the copper strips. The 
leads are then cut so that about 01 in of lead 
remains on the copper strip, and then the leads are 
carefully soldered to the strip. 

The transistors and diodes are mounted last, care 
being taken not to overheat the leads as this can 
cause component failure. 


Meter face 

The meter face should be modified to include 
all the numbers in Fig. 8. Letraset can be used for 
this purpose. 

Case and component interconnections 
The case used was a 18cm X 15cm x 13-5cm 
West Hyde MOD303. 

The lettering on the front panel may be done 
using Letraset. The components are then mounted 
on the front panel and the connections shown in the 
circuit diagram are made. Use a different coloured 
wire for each connection link if possible for 
simplicity. 

Connect one male battery connector to a female 
battery connector by 4in of wire for the battery 
“jumper” lead. 

VEROBOARD PANEL 

Printed Circuit Supporting Bracket 
The bracket used to support the Veroboard 
panel may be made from aluminium sheet, 22 s.w.g. 
being quite suitable. 



Fig. 7. Layout of the components on the Veroboard panel 
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Two holes should be made in the Veroboard panel 
to align with holes made in the bracket. 

The batteries are retained in the case in the proto¬ 
type using one piece of lin wide elastic which 
is 8-5in long. Each end of the elastic is secured to 
the base of the case by a 4BA bolt, and nuts. The 
feet supplied with the case are now stuck to the 
base of the case. The test leads are made as shown 
in Fig 9, each lead being about 60cms long. 


TESTING 

Testing may be accomplished as follows, the com¬ 
ponents being tested are listed at the beginning of 
each test to facilitate fault finding by beginners. 

1. S3, Batteries, SI A, SIB, SIC, R9, D4, D5, 52A, 
52B, 526, ME1, R14, S4. Socket leads C and E. 

(a) Set METER switch to / ceo , DEVICE switch to 
PNP, and ON/OFF switch to ON:—meter should 
indicate zero. 

(b) Connect a resistor of approximately 50 kfi 
between leads C and E: —meter should read 
approximately 200/*A. 

(f.s.d. = 10mA). 

(c) Depress F.S.D. -f- 20 switch:—meter should 
read approximately 200/*A. 

(f.s.d. = 0-5mA). Release F.S.D. -h 20 switch. 

(d) Set DEVICE switch to NPN and repeat 1(b) 
and 1(c). 

(e) Connect lead C to lead E: —meter should read 
approx. 10mA (f.s.d. = 10mA). 

(f) Set (METER switch to I c and repeat (e). 

(g) Disconnect lead C from lead E: —meter should 
read zero. 

Switch OFF tester. 

2. R1 to 6, R16, R21, R18, R17, VR2A, Cl, C2, C3, 
C6, D3, D7, TR1 to TR4, S1F, S2A, 52C, Meter, 
R7, C4. 



Fig. 8. The modified meter face 



Fig. 9. Transistor, CSR and diode leads 



Rear view of the front panel 
of the Semiconductor Tester 


Practical Electronics 


November 1973 










(a) set METER switch to h (e , DEVICE SWITCH 
TO PNP, ON / OFF switch to ON : —meter should 
read approx, f.s.d. If meter reading is somewhat 
less than f.s.d. decrease value of R16, if meter 
reading is greater than f.s.d. increase value of R16. 

(b) Set DEVICE switch to NPN : —meter reading 
should remain as in 2 (a). Switch tester OFF. 

3. VR1, R15, R19, C3, R22, S1E, S2D, VR2B, RIO. 

(a) Connect a “working” transistor to the transistor 
socket SKI or the “Flying Leads” lead C to col¬ 
lector, lead B to base, and lead E to emitter. Set 
METER switch to I c , DEVICE switch to PNP 
or NPN depending on transistor type, set SET I c 
to min, switch ON tester:—meter reading should 
increase as SET I c control is turned from min. to 
max. Adjust SET / c so that the meter current is 
2mA (f.s.d. = 10mA). 

(b) Set METER switch to h { „ and adjust h (e con¬ 
trol:—it should be possible to find a position 
where the meter deflection is a minimum. Switch 
OFF tester and remove the transistor. 

4. S1F, LP1, D2, R8, VR4, R20, VR3, Dl, Rll, 
S2A, R13, R12, S2C, S4, S2B, S1E, R22, S2D, D6, 
R23, leads b. 

(a) Set DEVICE switch to THY ZEN UJT V, 
METER switch to THY GATE 1, turn SET I to 
max. and SET V to min. short leads B and C, 
switch ON tester and adjust SET V from min. to 
max.:—meter reading should increase from zero 
to approx. { f.s.d. 

(b) Set SET V to min, depress and hold F.S.D. 4 
20 switch and adjust SET V for f.s.d., release 
F.S.D. 4 20 switch:—meter should now be 1/20 
of f.s.d. Remove short between leads B and C, 
switch OFF tester. 

(c) Set METER switch to THY GATE V, switch 
ON tester, adjust SET V from min. to max: — 
meter reading should decrease from 12V to 0V 
(f.s.d. is 25V). 

(d) Set METER switch to THY HOLD I, turn 
SET I to min, short leads C and E, and increase 
SET I from min. to max:—meter reading should 
increase to approximately f.s.d. when lamp LI 
should be lit. 

(e) Set SET I to min., depress and hold F.S.D. 4 
20, increase SET I control until meter reads f.s.d., 
release F.S.D. 4 20:—meter should read 1/20 
f.s.d. 


OPERATING INSTRUCTIONS 

Transistor testing 

1. Connect transistor to socket SKI or to flying 
leads, E to emitter B to base, C to collector. 

2. Set DEVICE to PNP or NPN depending on 
transistor type). 

3. Set METER switch to / ce0 , switch tester ON— 
meter shows 7 ceo (f.s.d. 10mA). Operate F.S.D. 4 
20 if required. 

4. Set METER switch to l c . 

5. Adjust SET / c control for required I c on meter 
(f.s.d. 10mA). 

6. Set METER switch to h te . 

7. Adjust h te control for minimum reading. The h te 
is indicated on h te scale. 


Diode Testing 

1. Connect to socket SKI on to flying leads of tran¬ 
sistor lead. E to anode and C to cathode. 

2. Set METER switch to / ceo . 

3. Set DEVICE switch to PNP, switch TESTER ON 
meter shows forward current (f.s.d. 10mA) RF = 

12000 ,— 

;—7-77 — 1200. 

If (m mA) 

4. Set DEVICE switch to NPN—meter shows reverse 
current 

12000 

R «= I T ( inmA) 1200 (F.S.D. 4 20 may be 
used if required 


Zener Diodes (0-10V) 

1. Connect diode to socket SKI or to flying leads of 
transistor lead. C to cathode E to anode, connect 
lead B to lead C. 

2. Set DEVICE switch to THY ZEN UJT V. 

3. Set SET V to min. 

4. Set SET I to min. 

5. Switch METER switch to THY GATE V/V, 
switch tester ON—meter reads Zener voltage (f.s.d. 
= 25V). 

6. Adjust SET I from min. to max. meter reading 
should only change by a small amount. This 
check gives a rough indication of the a.c. resis¬ 
tance of the diode. (The current through the diode 
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at any point can be found by setting meter switch 
to THY HOLD I, I. 

Note that for Zener voltages in excess of 10V 
it is necessary to insert a battery of known voltage 
between the emitter lead of the Zener diode and 
lead E of the tester, then Zener Voltage = meter 
reading + battery voltage. 


Thyristor Testing 

1. Connect the thyristor to SKI or to the flying leads 
of the transistor testing lead anode to E, cathode 
to C, Gate to B. 

2. Set SET V to min. 

3. Set SET I to max. 

4. Set DEVICE switch to THY ZEN. UJT. V. 

5. Set METER switch to THY GATE I, switch tester 
ON. 

6. Adjust SET V slowly clockwise noting the meter 
current. When the lamp LI lights (thyristor con¬ 
ducting). Use FSD 4- 20 if required. Meter read¬ 
ing to gate trigger current. 

7. Set SET V to min. 

8. Switch tester OFF then ON—lamp LI should 

extinguish indicating that thyristor has reset. 

9. Set METER switch to THY GATE V—meter 
indicates supply voltage. 

10. Adjust SET V slowly clockwise—meter reading 
slowly falls then suddenly drops to zero, note the 
voltage (trigger voltage) at which the meter read¬ 
ing suddenly falls. 

Gate trigger voltage = Supply voltage —trigger 
voltage 

11. Set SET V to min. 

12. Set METER switch to THY HOLD I, I. 

13. Adjust SET I from max. to min. and note the 
point at which the meter current falls to zero, this 
current is the thyristor holding current. (F.S.D. 

, -j" 20 may be used if required). 


Unijunction transistor testing 

1. Set DEVICE switch to THY, ZEN, UJT, V. 

2. Set METER switch to THY GATE V, V. 

3. Set SET V to min. 

4. Connect unijunction to SKI on to flying leads 
Base 1 to C, Base 2 to E, Emitter to B 

5. Switch tester ON. 

6. Adjust SET V (noting decrease in meter voltage 
reading until meter “kicks” when: — 

decrease in meter voltage 


Intrinsic Standoff ratio = 


maximum meter voltage 


Using tester as a Voltmeter 

1. Set DEVICE switch to PNP. 

2. Set METER switch to THY GATE U, V. 

3. Connect voltmeter lead to voltage to be measured 


Using tester as an Ammeter (f.s.d. = 100mA 
or 5mA). 

1 . Set METER switch to THY HOLD I, I. 

2. Connected current lead to current source (F.S.D. 

^ 20 may be used if required). ★ 
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field as tough as mobile radio¬ 
telephones. This is the field where 
household names like Cossor, Ultra 
and STC have all chucked in the 
sponge within the past year or so. 

Pye is still undisputed market 
leader and Burndept, strengthened 
by the acquisition of Cossor and 
Ultra business, is second. The 
question is whether Dymar can 
succeed when better-known com¬ 
panies have failed? 

I can report that there was no 
lack of confidence in the Dymar 
management when the company 
launched its new ‘Lynx’ range of 
mobiles on September 12. For one 
thing the Lynx, with a 20W output, 
has a technical edge on the com¬ 
petition and Dymar has prepared 
the sales ground well by appointing 
a nation-wide network of distribu¬ 
tors and service centres. 

Although Dymar as a name is 
not yet well known, the company 
has a huge back-log of experience 
in both design and manufacture 
of mobile radio. To date, Dymar 
has produced 30,000 mobile equip¬ 
ments of which half have been 
made under contract to other com¬ 
panies’ designs and about 7,500 
have been land or marine mobiles 
of Dymar’s own design and manu¬ 
facture. 

Approximately £150,000 has been 
invested in the Lynx development 
and it could be 'a real winner. In 
fact the company expects no less 
than half the total 1974 turnover 
in Lynx with the other half split 35 
per cent in marine radiotelephones, 
and 15 per cent in instruments of 
which Dymar make a range for 
manufacture, testing and servicing 
of r.f. systems. 


SATELLITE NAVIGATION 

While Dymar was launching Lynx 
in Whitehall, Redifon was launching 
a marine satellite navigation 
receiver half-a-mile away in the 
Strand. 

The Redifon Satellite Navigator 
is another milestone along the road 
forecast by J. R. Brinkley when, 
earlier this year, he said the com¬ 
pany was now fully committed to 
a huge modern technology pro¬ 
gramme to win a large share of 
the communications and navigation 
markets. It was on that occasion 
that he was able to announce that 
the Redifon Omega Navigator had 
already been fitted to 100 ships 
and had realised £0-5 million in 
revenue. 

What industry observers are 
waiting for now is the Redifon 
v.h.f./u.h.f. programme. No hard¬ 
ware has yet been announced 
although R and D expenditure in 
this area is said to be £100,000. 
As part of the expansion pro¬ 
gramme a new plant is under 
construction in Wales which could 
ultimately house 1,000 workers. 

BATTLE CONTINUES 

The light-emitting-diode battle 
continues with increasing intensity. 
Ferranti’s new green LED’s are 
reported to be coming out of the 
factory at 1-5 million a year now, 
stepping up to a rate of 10 million 
a year by the Spring of 74. 

Plessey’s Optoelectronics and 
Microwave Unit at Towcester is 
also in on the action with a new 
yellow gallium phosphide device 
which is claimed to have a higher 
light output and spot brightness 
than any other solid state light 
source currently available. The 
Towcester Unit is also offering 
custom-built hybrid arrays in green, 
yellow and red, a typical array 
recently produced for a customer 
having 32 diodes. They are 
assembled and encapsulated on a 
metallised ceramic substrate which 
can include dropping resistors if 
required. 

INSTRUMENTS— 

A HARD LIFE 

The instrument industry is 
struggling back to life after three 
years in the doldrums. Renewed 
activity springs from the big 
investment programmes now- being 
undertaken by many major user 
companies. 

But the instrument business is 
no sinecure. John Ceresa, market¬ 
ing director of Racal Instruments, 
recalls that 13 years ago a 10MHz 
counter cost £400. By 1970, in ten 
years, the price had dropped 75 
per cent for the same instrument in 
a solid state version and with much 
improved performance and relia¬ 
bility. You then found you had to 


sell four times as many to make the 
same turnover and maybe eight 
times as many to make the same 
profit. 

Another angle on the life and 
hard times of instrument men 
comes from David George, manag¬ 
ing director of SE Laboratories, 
one of the companies who have 
been through a bad patch. He says 
it is suicidal for any company to 
try to compete in every generation 
of instruments. One of the ways of 
cutting' R and D costs is to do a 
deal with a complementary manu¬ 
facturer elsewhere in the world. 
SE Labs has actually done this 
with Data Precision Corporation in 
USA. 

I note with interest that even 
Tektronix with a near stranglehold 
on the top end of the oscilloscope 
market is finding it hard to expand 
any further without diversifying 
into other fields. Although the 
oscilloscope market shows no 
signs of a decline—it is still grow¬ 
ing at least 10 per cent a year— 
Tektronix has moved into program¬ 
mable calculators and more 
recently has acquired a Californian 
Company which specialises in TV 
studio equipment. 


AD-POWER WORKS! 

Just when you think there are 
no surprises left in the industry 
you encounter another. I had this 
experience when I visited Kingshill 
Electronic Products who make 
professional quality power supplies 
for' the universities, the Govern¬ 
ment, and the industry in general. 
The company is a subsidiary of 
Islington Metal and Plating Works 
Ltd., one of the pioneers of 
chromium plating nearly 50 years 
ago. The electronics off-shoot was 
started in 1964 by Dr. Henry Herbst 
who still sits in the managerial 
chair. His sort of company would 
normally have a flock of travelling 
salesmen chatting up potential 
customers and a sales programme 
involving appearances at major 
electronic exhibitions. 

Not Kingshill. Herbst has never 
had a salesman on the road, has 
never shown at an exhibition. 
Kingshill sells on press advertising 
and personal recommendation. It 
seems to work. The production 
lines turn out 18,000 units a year 
which not only go to U.K. users 
but also to out-of-the-wav places 
like Fiji and Thailand. 

The premises were a surprise, 
too. They were originally stables 
for the horses of the old London 
horse-drawn trams. Not so un¬ 
expected is that Herbst, with a 
solid business now established in 
power supplies and a firm 
economic base from which to 
operate, is looking for new elec¬ 
tronic fields to conquer. 
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PHASE 

Sis LOCKED LOOPS 

AND FREQUENCY 

SYNTHESISERS BVJ.B. DANCE m.Sc 


I n last month's article the basic principles of phase 
locked loops were described. This month we 
will look at the application of these principles in 
f.m. radio reception, a.m. demodulation and 
trequency synthesisers. 

RECEIVER TECHNIQUES 

An amplitude modulated (a.m.) radio signal con¬ 
sists of a high frequency sine wave, whose frequency 
is fixed for any particular broadcasting station, but 
whose amplitude varies in sympathy with the audio 
signal that is the information to be transmitted. The 
carrier frequency / s ranges from about 200kHz up to 
many megahertz, whilst the audio frequency ranges 
from 30Hz to 15kHz. The receiver must be able to 
reproduce the modulating audio signal as faithfully 
as possible and must provide as much separation as 
possible between signals whose carrier frequencies 
are close. 

T.R.F. RECEIVERS 

One of the simplest forms of radio receiver is the 
so-called “tuned radio frequency" (t.r.f.) receiver. 
The basic form of this type of receiver is shown in 
the block diagram of Fig. 2.1. 



Fig. 2.1. A block diagram showing the stages 
in a t.r.f. receiver 


The incoming signal is amplified in the radio 
frequency stage. No change in the frequency or in 
the form of the signal takes place in this stage, but 
tuned circuits are employed to provide selectivity 
and to reject unwanted signals of other frequencies. 

The signal is then demodulated or detected, usually 
by a stage that provides some amplification. The 
audio signal from the detector (/ a ) is fed to an 
audio amplifier which can provide sufficient power 
output to drive the loudspeaker. 

The selectivity provided by receivers of this type 
is very limited, partly because it is not practical to 
employ more than about four tuned circuits operat¬ 
ing at the radio - frequency f s . Each tuned circuit 
requires a separate gang of the tuning capacitor and 
the relatively long connections to this capacitor can 
lead to unwanted feedback and oscillation. 

It is normally necessary to employ a fairly large 
value of tuning capacitor (typically 300pF to 
500pF per gang) in order that the desired tuning 
range can be covered. This may make it impossible 
to design the tuned circuits for optimum Q factor 
(especially at high signal frequencies); the selectivity 
and gain therefore suffer. 

The limitations of t.r.f. receivers become very 
noticeable at the higher frequencies. The pass band 
is so broad that it is impossible to obtain adequate 
selectivity and noise rejection, whilst the signal 
frequency amplification is normally inadequate in 
the short wave bands. 

SUPERHETERODYNE RECEIVERS 

Many of the disadvantages of the t.r.f. receiver 
can be avoided by the use of the superheterodyne 
principle, but some other undesirable features are 
then introduced. A block diagram of a superhetero¬ 
dyne receiver is shown in Fig. 2.2. 


Fig. 2.2. A block diagram of a 
superheterodyne receiver. 
The use of an r.f. stage is 
optional 
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The incoming signal from the aerial at a frequency 
/ B may be fed into a radio frequency stage (shown 
dotted) or directly into the mixer stage. In the 
latter stage it is mixed with a frequency /„ generated 
by a local oscillator. The frequency /„ is varied with 
the frequency to which the receiver is tuned. 

The output from the mixer consists mainly of the 
sum and difference frequencies of the signals which 
are fed into it, that is, f a + f s and /„ — /„. It is 
arranged that the frequency of one of these outputs 
(normally the difference frequency in receivers 
covering the long, medium and short wave bands) 
is kept constant no matter what the frequency of 
the input signal, f s . This constant frequency output 
signal is known as the intermediate frequency or i.f. 

The mixer stage is followed by one or more 
stages of amplification at the intermediate frequency. 
These stages involve the use of a number of tuned 
circuits (typically six) which resonate at the inter¬ 
mediate frequency. 

The intermediate frequency tuned circuits are 
fixed tuned and they can therefore be designed with 
the optimum inductance/capacitance ratio for high 
selectivity and gain; they provide virtually all of 
the selectivity of the receiver. Each tuned circuit 
can be incorporated inside a metal can so that un¬ 
wanted coupling is reduced to a minimum. 

DISADVANTAGES OF SUPERHETS 

Superheterodyne receivers have the disadvan¬ 
tage that they tend to suffer from spurious 
responses. Noises such as whistles may be 
generated when the local oscillator frequency (or 
one of its harmonics) beats with certain incoming 
frequencies. One of these undesired responses occurs 
at the image frequency, where a signal at a frequency 
of / 8 + 2/./. mixes with the local oscillator frequency 
to form an interfering signal. 

Image frequency interference may be reduced by 
using tuned circuits before the mixer or by using a 
high intermediate frequency so that the image 
frequency is far away from f s and easily rejected by 
the tuned circuits in the r.f. amplifier, though this 
latter method tends to reduce selectivity. 

Another disadvantage of superhets is that the 
tuned circuits used throughout cannot be formed 
on an integrated circuit chip. Integrated circuits are 
not only smaller but because of the ease of assembly 
they greatly reduce labour costs. 

THE SYNCHRODYNE 

The synchrodyne receiver is the forerunner of the 
phase locked loop and aroused great interest in the 
late 1940’s. The synchrodyne type of receiver is 
illustrated in the block diagram of Fig. 2.3. 



The signal from the aerial is fed via an optional 
radio frequency stage to the demodulator and also, 
via another amplifier stage, to a local oscillator. 
This signal keeps the local oscillator locked or 
synchronised to the input signal frequency — hence 
the name synchrodyne. 

When the two signals of the same frequency come 
together in the demodulator stage (which is like the 
mixer of a superheterodyne), sum ancf difference 
frequencies are formed. The sum frequency, 2/ s , is 
not required and is rejected by the succeeding low- 
pass filter. One might expect the difference frequency 
to be zero, but this really means that the carrier 
frequency is zero. In other words the output of the 
demodulator in Fig. 2.3 consists of the required 
audio signal minus the carrier. 

Any interfering radio signals will not have the 
same frequency as the local oscillator. They there¬ 
fore produce an output signal from the demodulator 
stage which is normally of a much higher frequency 
than that due to the wanted signal. The interfering 
signal cannot pass through the low-pass filter which 
follows the demodulator. 


SYNCHRODYNE SELECTIVITY 

One of the great advantages of the synchrodyne 
is that it does not obtain its selectivity by means of 
conventional tuned circuits, but by the use of a low- 
pass audio filter. This low-pass filter can be very 
simple (see Part I) and can be designed to cut off 
at any point so as to provide the desired selectivity. 
It is easy to make the selectivity variable by adjusting 
the value of a single component. 

Another important advantage of the synchrodyne 
receiver is that relatively few tuned circuits are 
employed in it. The only tuned circuit which is 
essential is the one in the oscillator circuit, but it 
is normally desirable to include some tuned circuits 
in the radio frequency stages to prevent very strong 
unwanted signals from overloading the mixer stage. 

The local oscillator of a synchrodyne receiver must 
be locked in frequency to the wanted signal if one 
is to avoid the generation of beat frequencies. This 
type of receiver is either correctly tuned or not tuned 
at all. Unlike most other forms of receiver, a dis¬ 
torted audio output signal cannot be obtained as a 
result of the mis-tuning of the local oscillator. 

As the local oscillator tuning is altered, the oscil¬ 
lator will remain synchronised to the incoming 
signal over a certain range, although the local oscil¬ 
lator signal may change in amplitude somewhat. 
Thus the only effect of a slight oscillator mis-tuning 
will be an alteration in the audio volume. 


ADVANTAGES AND DISADVANTAGES 

The synchrodyne receiver does not suffer from 
image responses. We have seen that an interfering; 
signal at a frequency of twice the intermediate 
frequency plus the wanted signal frequency can 
produce an image response in a superheterodyne 
receiver; in the synchrodyne, however, the “inter¬ 
mediate frequency” is zero and therefore the image 
frequency becomes equal to the wanted signal 
frequency. 

For domestic listening, the main objection to the 
use of the synchrodyne receiver is the loud whistles 
which are generated when one is tuning into a sig¬ 
nal. These whistles are, of course, due to the local 
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Fig. 2.4. An a.m. demodulator using a phase 
locked loop. The components of the loop 
itself are shown inside the box. 


oscillator beating with the input signal before their 
frequencies become locked together. This problem 
can be overcome by the use of switched tuning. 

Another reason for the limited use of synchrodyne 
receivers in the past has been the lack of simple, but 
effective phase locking circuits. 

Other names for the synchrodyne receiver include 
“homodyne", “phase control" or “pc" receivers, syn¬ 
chronous detectors and phase locked detectors. 

A.M. DEMODULATION 

The block diagram (Fig. 2.4) shows a practical 
circuit for a.m. receivers using a phase locked loop. 

The phase locked loop (comprising the units shown 
inside the dotted line) locks onto the input signal 
in the normal way. The voltage controlled oscillator 
produces a signal of the same frequency as the input 
signal, but it is unmodulated. 

When the free-running frequency of the voltage 
controlled oscillator is the same as that of the incom¬ 
ing signal, locking will occur with these two signals 
90° out of phase. In the system of Fig. 2.4, the 
phase shift circuit changes the phase of the input 
signal by 90° so that it is in phase with the output 
from the voltage controlled oscillator. 

The two signals of the same phase are mixed in 
a second phase comparator or multiplier. The output 
from the multiplier is passed through a second low- 
pass filter so that only the difference frequency 
remains. This difference frequency is proportional 
to the amplitude of the input signal and is therefore 
the required audio output. 

Systems such as that shown in Fig. 2.4 provide 
a higher degree of noise rejection than can be 
obtained from conventional a.m. demodulators 
which detect the peaked noise pulses. 

F.M. DEMODULATION 

The voltage controlled oscillator is normally 
designed so that its frequency is linearly related to 
the applied control voltage. As this latter voltage 
keeps the voltage controlled oscillator frequency the 
same as the incoming signal frequency, the control 
voltage is linearly related to the frequency devia¬ 
tion of the input signal. 

In other words, the output voltage from the sys¬ 
tem (Fig. 1.1.) is the demodulated audio signal 
when the incoming signal is a frequency modulated 
one. The voltage controlled oscillator produces a 
greatly amplified copy of the input signal from which 
most of the noise has been removed. 


One might expect that a very simple f.m. receiver 
could be constructed by merely feeding the input 
signal to the phase locked loop. In actual practice, 
however, a somewhat more complex system than 
this must be employed. 

Currently available phase locked loops cannot 
operate at frequencies above about 60MHz. Most 
f.m. signals will therefore have to be converted to a 
lower frequency before they are passed to the phase 
locked loop. However, it seems likely that phase 
locked loops will be available at some future date 
which can operate at typical f.m. frequencies (about 
100MHz) and it may then be possible to construct 
an f.m. receiver without the use of a frequency 
converter. 

SENSITIVITY 

Although phase locked loops can operate with a 
signal of just under a millivolt, some problems do 
arise if one wishes to operate them from an input 
of about 10/< V (such as one may obtain from a 
receiving aerial at a considerable distance from the 
transmitter). It is generally better to amplify the 
signal before feeding it to the phase locked loop. 
Some tuned circuits are usually included in the sys¬ 
tem before the phase locked loop in order to reject 
signals which could produce spurious responses. 

The phase locked loop may be employed to 
demodulate both narrow and wide band f.m. signals. 
It offers greater linearity than can be obtained by 
any other means and is therefore especially suitable 
for high fidelity systems. 

At the other extreme, phase locked loops are 
employed in communications receivers where they 
are excellent for recovering weak signals in a noisy 
region of the radio spectrum. 

FREQUENCY SYNTHESISERS 

Frequency synthesisers are required for use in 
radio communications networks which will generate 
any one of a large number of frequencies with great 
accuracy at the touch of a button. For example, 
an aircraft navigation/communication band synthe¬ 
siser may be required to produce frequencies in the 
range 108 to 136MHz at 50kHz intervals so as to 
cover each of the 560 channels. 

Such frequency synthesisers can be designed using 
banks of quartz crystals and tuned circuits. How¬ 
ever, it is normally more economic to employ a 
single quartz crystal to provide one accurate 
reference frequency and tq obtain the other 
frequencies from it by the use of a phase locked 
loop together with a digital pulse frequency dividing 
circuit. This system has the additional advantage 
that fewer spurious frequencies are generated. 

The basic system used in a phase locked loop 
frequency divider is illustrated by the block diagram 
of Fig. 2.5. The reference frequency is generated by 
a very stable quartz crystal controlled oscillator which 
is kept in a special constant temperature oven. If the 
frequency of this oscillator is 100kHz, the pulses may 
be divided in frequency to produce, perhaps, a 1 kHz 
signal. The latter is fed as the reference signal to 
the input of the phase locked loop of Fig. 2.5. 

DIVIDER CIRCUIT 

The main difference between the frequency synthe¬ 
siser circuit of Fig. 2.5 and the simple phase locked 
loop is the inclusion of a frequency divider circuit 
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Fig. 2.5. The building blocks of a simple fre¬ 
quency synthesiser using a phase locked loop 



Fig. 2.6. In this type of frequency synthesiser 
a fast divider (the pre-scaler) is used to divide 
the pulse frequency. 



Fig. 2.7. Because phase locked loops can handle 
only relatively low frequencies, a mixer can be 
used to multiply the voltage controlled oscil¬ 
lator frequency. 



Fig. 2.8. In this type of frequency synthesiser a 
mixer is used to reduce the high voltage 
controlled oscillator frequency for the divider 
stage 


between the voltage controlled oscillator and the 
phase comparator. This enables the voltage con¬ 
trolled oscillator to operate at a much higher 
frequency than the input reference signal. 

If the reference signal has a frequency of 1kHz 
and the frequency divider is set so that it divides 
by, say, 569, the phase locked loop will come into 
lock when the voltage controlled oscillator frequency 
is 569kHz. 

This frequency is divided so that it produces the 
same frequency as the input reference signal. In 
order to obtain any other output frequency from 
the voltage controlled oscillator, it is only necessary 
to change the factor by which this frequency is 
divided before it is fed to the phase comparator. 

All frequencies generated in this way have the 
same stability as the reference frequency. 

HARMONIC LOCKING 

Phase locked loops will lock to a multiple of the 
input frequency, but the locking range decreases as 
higher and higher harmonics are used, since the 
amplitude of such harmonics is low. 

Harmonic locking can be used in frequency syn¬ 
thesisers, but in general one should not attempt to 
lock a phase locked loop to a harmonic higher than 
about the tenth. 

HIGHER FREQUENCIES 

Digital frequency synthesisers are often required 
which will provide' outputs of the order of some 
hundreds of megahertz. Voltage controlled oscil¬ 
lators can generate such frequencies, but program¬ 
mable counters which can operate at above about 
25MHz are very expensive. 

It may therefore be more economic to operate 
the voltage controlled oscillator at a lower frequency 
and to multiply this frequency by a number of 
cascaded frequency multiplier stages. However, such 
a system has the disadvantage that tuned circuits are 
required in the multiplier stages and these must be 
re-tuned whenever the frequency is changed. 

A more convenient system is shown in Fig. 2.6. 
The output from the voltage controlled oscillator is 
divided in frequency by a pre-scaler before being 
passed to a programmable frequency divider. 

Other techniques for obtaining high frequency 
outputs include mixing the output from the voltage 
controlled oscillator with a stable frequency. The 
sum frequency is the required output, as shown in 
Fig. 2.7. 

In yet another system, the output from the voltage 
controlled oscillator is mixed with a stable reference 
frequency and the difference frequency output is 
used to operate the programmable frequency divider. 
This type of system is illustrated in Fig. 2.8. 

If a signal from a frequency synthesiser is fed 
to the mixer stage of a radio receiver together with 
the input signal, one can select the signal to be 
received merely by choosing the ratio by which the 
voltage controlled oscillator signal is divided. The 
drift in the tuning of such a system is quite neg¬ 
ligible, since the reference frequency is crystal 
controlled. 

Next month this series will continue with a 
review of the types of phase locked loops avail¬ 
able from various manufacturers together with 
practical examples of the circuits in which they 
can be used. 
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\ selection, of readers' suggested circuits. It should be 
imphasised that these designs have not been proven by us. They 
vill at any rate stimulate further thought. 

This is YOUR page and any idea published will be awarded 
rayment according to its merits. 



W hen using a regulated PSU to reduce a supply 
voltage there is always the danger of com¬ 
ponent failure in the PSU and consequent damage 
to the equipment. A fuse will protect equipment 
when an excess of current is drawn but might 
be too slow to cope with overvoltage conditions. 

In Fig. 1 the values shown suit a car battery 
supply being used to drive a battery tape recorder 
at 7-5V. The load requirement is 300mA and the trip 
voltage was set to 8V to protect the recorder in the 
event of regulator fault. 



Fig. 1. Power supply protection circuit 

R1 and VR1 form a potential divider which 
samples the output voltage as set by adjustment of 
VR1. The CSR1 is selected to carry at least twice 
the fuse rating. The full supply voltage is connected 
to the input of the regulator. 

Transistor TR1 is held biased off by R2 and CSRI 
so that the lamp LP1 is held off. If the output 
voltage rises above a set trip value then CSRI will 
conduct, FS1 will blow and TR1 will be supplied 
with base current via R2 and the lamp will light up. 

J. Sadler, 
Cheshire. 



Fig. 1. Circuit diagram for the servo amplifier 


A digital proportional decoder was published in 
the series Logical Radio Control (no issues 
available) and I have developed the following servo 
amplifier to go with such a device, see Fig. 1. Using 
a 741 operational amplifier for compactness, the 
circuit accepts the positive-going pulses, of variable 
length, from the decoder. These are integrated by R1 
and Cl to give a d.c. which, using my decoder, varies 
from +0-2 to +1-2V. 

Potentiometer VR1 is adjusted to give a value 
equivalent to minus the centre voltage at its wiper. 
In my case this is —0-7V. The 741 is used as a 
summation amplifier. 

If VR3 is set at lOkH so that the gain of the 741 


is unity, then the output will be 1-2-0-7V = +0-5V 
at one transmitter control extreme and 0-2-0-7V — 
—0-5V at the other. In fact, the gain is set so that 
the output swings ±3V. 

The transistors form a current amplifier to drive 
the servomotor and feedback from the motor is 
provided via the potentiometer VR2 which is ganged 
to the motor. The deadband of the servo may be 
controlled by varying VR3 and when the optimum 
value is found replacing with a fixed resistor. 

The values of R2 and R3 are found by experiment. 

P. Skan, 

Sutton Coldfield. 
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Fig. 1. Circuit diagram of the car lights monitor 


P erhaps the enclosed circuit of a car light moni¬ 
tor would be of interest to some of your 
readers. The circuit, Fig. 1, was designed to indicate 
the presence of a bulb failure in either the two 
front side lights or the two rear lights (the number 
plate light could also be included). 

The 3-311 resistor R1 makes no visible difference 
to the bulbs light output as only approximately IV 
is dropped across it. When the bulb filament R x goes 
open circuit there is no forward bias to TR1 and its 
collector voltage rises and turns TR2 hard on, 
illuminating the indicator bulb LP1. 

The circuit as shown will operate on positive earth 
cars; for negative earth cars pnp transistors, such as 
the AC 128, should be used. The connecting details 
are shown in Fig. 2. 

A wide variety of bulbs can be used in the LP1 
position as long as the ratings of TR2 are not 
exceeded. The prototype used 6V 01A bulbs with 
3311 ballast resistors. 

I. K. Staley, 
Mansfield, 
Notts. 


NEXT MONTH. 



Have fun with the Party Strobe! 

An easy-to-build, low cost medium power 
stroboscope which will amuse your friends 
at parties or discotheques. 

VOICE OPERATED FADER 

Run a super-efficient Disco—when you 
speak the music fades and when you stop 
it comes back up. 

Ideal for the tape enthusiast who wants to 
add commentaries to his recordings. 








BREAK ORIGINAL CONNECTIONS 


Fig. 2. Showing how the circuit is connected into the 
car wiring. The circuit in Fig. 1 is repeated for each 
light to be monitored 
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A FAST EASY 
WAY TO LEARN BASIC 
RADIO & ELECTRONICS 


* 


Build as you learn with the exciting 
new TECHNATRON Outfit! No mathe¬ 
matics. No soldering—you learn the 
praotical way. 


Learn basic Radio and Electronics at home—the fast, modern way. 
Give yourself essential technical “know-how”—like reading circuits, 
assembling standard components, experimenting, building—quickly and 
without effort, and enjoy every moment. B.I.EX’s simplified study 
method and the remarkable TECHNATRON Self-Build Outfit take the 
mystery out of the subject, making learning easy and interesting. 


Even if you don't know the first thing about Radio now, 
you'll build your own Radio set within a month or so! 


understand exactly what you are 
doing. The TECHNATRON 
Outfit contains everything you 
need, from tools to transistors— 
even a versatile'Multimeter which 


give is 


a little of your spare time 
I the surprisingly low fee, 
payable monthly if you wish. 
And the equipment remains yours, 
so you can use it again and again. 

You LEARN—but it’s «• 
fascinating as a hobby. 

Among many other interesting 
experiments, the Radio set you 
build—and it’s a good one—is 


projects—from a burglar-alarm t< 
Radio set—hell 
Radio and Elec 


Specialist Booklet 

Elect)' 


--FREE 

NEW OPPORTUNI- 
booklet 



BRITISH INSTITUTE 
OF ENGINEERING 
TECHNOLOGY 


POST THIS COUPON FOR FREE BOOK 



FM TUNER 

NELSON-JONES 


PUSH BUTTON VARICAP 

Tuning now available. 

Six Position variable push button unit with individual 
frequency scales. Teak case and full metalwork matches 


;ang tuning. S.A.E. please for lists. 


PE RONDO 

We are kit stockists for this excellent 
design 


LIGHT EMITTING DIODES 

RED only 29p each IO + 23p 
GREEN only 69p each IO + 59p 

7 SEGMENT LED DISPLAY 


Please add 10% V.A.T. for U.K. orders. 

INTEGREX LIMITED, dept. p.e. 

P.O. BOX 45, DERBY DEI ITW 
Tel.: Repton (0283 89) 3580 


All items 
advertised in 
previous numbers 
of this magazine 
still available. 


CARDIOID 

DYNAMIC 

MICROPHONE 

Model UD-130. Fre 


I5,000c/s. 
Dual 50K at 
£4-95. 




3 WATT STEREO 
AMPLIFIER 
£430 


M. DZIUBAS 

158 Bradshawgate • Bolton . Lancs. BL2 I BA 
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THE D I Y ELECTRONICS KIT 

FOR STUOENTS.TECHNICIANS AND HOBBYISTS 

Now available from all leading electrical shops, the complete 
D-l-Y printed circuit kit. Save time and money with this latest 
development by GSPK in the field of home electronics. 


lie GSPK Signal Booster is designed to improve 
ar radio reception in towns and built-up areas, 
t's also claimed to eliminate any loss of signal 
:aused by rear mounted aerials with long leads, 
he solid state unit is plugged into the aerial 
sad and takes its power supply from the car 
lattery. Is manufactured in positive and 
legative earth versions and costs £3.29 
ncluding VAT plus postage and packaging—15p. 


Standard 
Printed Circuit 
Kit contains six 
sheets of 6" * 4‘ 
copper laminate, 
etchant, etching dish, 
tweezers, etchant 
measure and retails at 
£4.95 including VAT plus 
postage and packaging -30p. 


etchant resistant circuits on copper 
laminate. Recommended retail price 
including VAT is £1.35 plus postage and packaging—15p. 
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VOU CAN EARN £50p.w 

Plus an exciting life and a secure future 

HOW? 


_.o the fabulous Computer Industry now. On the ground 

floor. While industry, commerce, science and governments 
are desperately seeking trained personnel. Give — 
only four to six weeks and we can train you in any one 
of the three vital careers in computers: (1) Pro¬ 
gramming (men and girls). (2) Operating (men and 
girls). (3) Key Punching (girls exclusively). 

We are the only training organisation able 
to make this offer. And our teaching 
methods succeed because they combine 
specially prepared courses with equip¬ 
ment such as the unique Eduputer, exclu- 


Thanks to our methods, people from 
all walks of life have exchanged bor¬ 
ing, under-paid, insecure jobs for 
careers that have meaning, prestige 
and security. 

Past performance counts for 
nothing. Provided you have the 
aptitude (which we can discover 
quite simply), there is no reason 
why you should not get out of 
the rut and into Tomorrow’s 
World—the fascinating world of 
Computers. 

The moment you qualify—and we 
will help you do just that—one of 


_ _ exclusive appointments 

agencies will introduce you to oppor¬ 
tunities galore. Worldwide. At nc 
cost to you. All part of our continuing 

What have you to lose by enquiring' 
Information and advice are yours for tl 
asking. Post the coupon TODAY for full 


details FREE and without obligation. 



London Computer Training Services 

R69, Oxford House, 9-15 Oxlord Street, W.l. Telephone 01-437 9906 


Please send 

_trated brochure 

for Computer Programming 


£fn 

Computer Operating I I 
(men and girls) »—J 
Key Punching (girls I I 
exclusively) 1 — 1 


(Tick appropriate box) 
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Riversdale Electronics 
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RO. Box470, Manchester M60 4BU. 
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Audio 


THE HI-FI MAGAZINE 
FOR LEISURE LISTENING 


Britain’s exciting new-style magazine in music and hi-fi, 
AUDIO is about every important aspect of the modern 
sound scene—from the make-up of sound, to the latest 
means of reproducing it... the equipment, its installation 
and its operation. AUDIO examines newtrends, looks atthe 
latest discs and tapes, shows you how to get the most for 
your money—in clarity, definition and craftsmanship. 

IN THE NOVEMBER ISSUE 

OUT FRIDAY OCT. 19 
Exclusive interview with Andre Previn. 

Tape recording for beginners. Isthat heavy 
turntable really necessary. Up-to-the- 
minute report on Video. Record reviews. 



DON’T MISS 
THIS ISSUE 
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Project 80 


™ exciting new thinking 
in m odular hi-fi design 



the slimmest,most elegant hi-fi modules ever made 
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Project 80 new module 



Project 80 FM tuner 
smaller, more efficient 






Project 80 stereo decoder 
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YOUR TALENT CAN EARN YOU MONEY 

as a 

T.V. Engineer 

with 

Radio Rentals 

Britain’s No. 1 T.V. Rental Company 

Are you on the right lines in your present job? 
Switch to Radio Rentals and be assured a good future. 
Here are 5 star reasons for joining us. 

^ Full Training given for Colour T.V. 

5-day week 

Private use of a Company Vehicle or generous 
car allowance 

3 weeks’ holiday per year, rising to 4 weeks 
-V- Good salary (up to £34-95 per week after 2 years) 

Your present holiday arrangements will be honoured. 
Work towards a better future, better chances of 
promotion and more security. Telephone, Mr. Mann, 
01-540 1304 or write to: 


RADIO RENTALS 
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TELEVISION TRAINING 

(MONOCHROME AND COLOUR) 
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previous training in Electronics and Radio. Next course commences January 2nd. Training courses 
in Marine Radiocommunication and Radar are also available. Write for prospectus to: London 
Electronics College, Dept. B/11, 20 Penywern Road, Earls Court, London SW5 9SU. Tel. 01-373 8721. 


SERVICE SHEETS 


SERVICE SHEETS • MANUALS • BOOKS • 

SERVICE SHEETS 40p plus S.A.E. ★ SERVICE SHEET CATALOGUE 25p • 

OVER 12,000 SERVICE SHEETS & MANUALS IN STOCK ON COLOUR/MONO TELEVISIONS S 
RADIOS, RADIOGRAMS, T/RECORDERS, R/PLAYERS, ETC. S.A.E. WITH ENQUIRIES S 

NEW BOOKS & PUBLICATIONS 




DICTIONARY OF_ __ 

TELEVISION ENGINEERS POCK! 

WORLD RADIO TV HANDBOOK 19/*. zotn earn 
GUIDE TO BROADCASTING STATIONS. 17th Ec 
OUTLINE OF RADIO & TELEVISION by J.P.Haw 
UNDERSTANDING TELEVISION. 405/625/Coloi 
PRACTICAL TELEVISION CIRCUITS. 2nd Editic 
VIDEO RECORDING; RECORD & REPLAY SYS' 

TELEVISION SERVICING by G.N.Patchett. Vol. 1. Priricipf 
TELEVISION SERVICING by G.N.Patchett. Vol. 2. CRT.Syi 
TELEVISION Rcoviriwr. o m w«. o . 

TELEVISION 


PRICE f 


P.J.McGoldrick 
. Special reduce 


EMl. R by E 


TELEVISION 

""ISION_ 

SERVICING 


2. Intermediate Ra 
. 4. Fault-Finding.., 




SERVICING by G.N.Patchett. V, 

-SERVICING by G.N.Patchett. V 

PRACTICAL' WIRELESS CIRCUITS. 18t 
RADIO CIRCUITS. 5th Edition, by W.E.Miller. 23B p 
PRACTICAL WIRELESS SERVICE MANUAL. 12th Ed 
WIRELESS SERVICING MANUAL. 10th Edition, by W 
FOUNDATIONS OF WIRELESS & ELECTRONICS by M.G.Scroggie'. 

PHOTO-ELECTRONIC DEVICES by J.B.Dance. 182 pp. Illustrateo. ^ 7U 

SEMICONDUCTOR PHOTOELECTRONIC DEVICES by Dr.Inz.A.Ambroziak 344 pp £4*50 

UNDERSTANDING THE SEMICONDUCTOR by C.N.Matthews. 128 do . El *00 

PRACTICAL INTEGRATED CIRCUITS by A.J.McEvoy & L.McNamara. 144 pp . £0*90 

.SOLID-STATE DEVICES & APPLICATIONS by R.Lewis. 266 pp. 182 Illustrations!!!! £3*00 
NEWNES^RADJO^S. TELEV^S IONSER VICING books bought & sold (all years) Good prices paid. 

'bI LL' S " T EL E V Isi SERV ICE s’ 

ALBERT PLACE, HARROGATE. YORKSHIRE. Telephone 0423-f 


IVICE SHEET8, Radio, TV, etc. 8,000 
lels. Catalogue 15p. S.A.E. enquiries. 
” *11 Maudland Bank, Preston. 


gnsrars, _ 

from Sp witlr free Fault-Finding _ 

E. orders/enquiries. Catalogue 15p. 
MILTON RADIO, 47 Bohemia Road, St. 

Telephone Hastings 29066. 


—N-Channel FETs 38I9E—£1 


REDHAWK SALES LI 


RESISTORS AT 0’56p EACH 
COMPONENTS BRAND NEW— 
FULLY GUARANTEED 

N C/Film, Low Cost (22 ohms to 220), 

/6p; 22/6p. Transistors—2N3055 35p; 

T l « 2 .m^l| 5 x P, T03 Y »'p. l3 |7i/3°xTgi '&! 


“adfonic (Pb 



ctical Electronics November 1973 


Sockets 25p each. 2N 7447 d rivers £ I -20 each. 
LOW COST LED LAMPS 
Red 3mm dia. 20p each; Red 4-4Smm dia. 
23p each; Green 3mm dia. 55p each; 
Green 4-45mm dia. 55p each. 
CALCULATOR DISPLAY 


pole 


; I4p e 


2 pole 2 position I4p each; _ .- r - 

21 p each; I pole 4 position 23p each. 

U.K. Postage and packing lOp. Overseas 
25p. VAT 10% 

PERDIX COMPONENTS LTD. 

Dept. PE73, 31 Green Lane, Chislehurst, 


DRY REED INSERTS 




10 mF, 4p; 22, 47, 4ip (50V, 5p); 100, 5}p 
(50V, 7p); 220, 6p (50V, 9p). Subminiatme 
bead-type tantalums 01/35V, 0-22/35V, 0-47/ 
35V, 1/35V, 2-2/35V, 4-7/35V, 10/16V, 8p. 
Mylar Film 100V—0-001, 0 002, 0 005, 0 01, 
0-02, 2p; 0 04, 0-05, 3p; 0 068, 0-1, 34p. Poly¬ 
styrene 63V £12 series 10~l,000pF, 2p; 1,200- 
lO.OOOpF, 3p. Miniature highstab resistors, 
5%, E12 series—Carbon Film JW, H1-10MQ 
(10% over 1 MO). Metal Film JW, 1012- 
2-2MO and 1\V, 270-10110 all Jp each. 
Postage 8p. The C.R. SUPPLY CO., 127 
Chesterfield Road, Sheffield, SS 0RX. 


marked, 32p; 12 1X914/6, 20. 
spaced twin gang receiver tuning capacitors, 
unused, SOp; thin grey connecting flex, Ip yd. 
Minimum order 40p, post free, but add 10% 
VAT. 108 Camden Road, Tunbridge Wells, 


RADIO & TELEVISION AERIAL BOOSTERS 

£2-95, five television valves 45p. 50p bargain 
transistor packs, bargain £1 resistor and cap¬ 
acitor packs. UHF-VHF televisions £7-50. 
Carr. £1-50. S.A.E. for 3 leaflets. VELCO 
ELECTRONICS, Bridge St., Uamsbottom, 
Bury, Lancs. 


CERAMIC CAPACITORS 50V (pf) 1,50C 
8 9p. P. & P. lOp. 

NEK ELECTRONICS (P3) 

























































Irampus !lr;lum 

cts° °Money Back ^^ ri t cei * AU brand new * n0 



kC digit ah clock 

a i s rt Vpi;:;MS 


741 Dil8pin28p; 70919p. Dil29p; 748 29p;mon 
710 38p. 555 TIMER/mono/astable osc. clock 98] 
REGULATORS: 1JA 5 to 20V 11-49: 723 57p. 
RECEIVER ZN414 £1-19. Mini Rx Kit £1-91 


mm i^niTL ?<?£ 

GATES^^ 7400/1/2/3/4/5/10/2(^30/40/50, etc., 14p 

§j 7473 ^ ™ 


; P 74190/91/92/93/96 £2-39. * 1 
pr high profile 8/14/16 pin 18] 


»; BC212/3/4 lip; BCY70/72 1J 


49p; 2N3053 17p; 2N3055 40p; 2N3( 

28p; 4 A Up. TRANSFORMER:A 6 an 
CAPACITORS: Disc 22pF to 0-1/xF 

ra, : 


----4oJ. °8witt'h +U®! 

«... Plugs 18p; sockets *p;Vero REP. 

w&wmmmMmmmw 

&*MM12volt£2-79) 


(25p). 6 Pig..RESETTABLE GOUHTER 18/22V. 
Works on 19V, £2-20 <15p). SILICON DIODES 
650V 1*A. 10 on tagboard 35p <5p). New 800V 
|A. 6-25P (5p). UNIT WITH 4 x BFY51. 4 Silicon 


COPPER CLAD PAX. PANELS 5|ln X 6*ln 6 lor 45p 

c.p. 7Jin X 9in 25p c.p. 6 for £1-20 c.p. 8iin X 9in 
30p c.p. 6 for 11-80 c.p. lOin X 9in 35p c.p. 6 for 

WIRE ENDED NEONS 10-50p <8p). Bank 
h 6-C407 driver trans. 50p (8p). POLY- 


55p (lOp). 100 mixed capacitors 
V uui u.iuice), silver MICA, polystyrene, ceramic, 
etc. 55p (lOp). SPECIAL PACK includes 
6 mixed pots, 10 mixed valve bases, 100 
mixed resistors, 100 mixed capacitors. Good 
value at £2 50 (20p). Prices include V.A.T. 
postage in brackets. No used components. 
S. A.E. for list. GRC, 82 High Street, WinWord, 
Cheshire. 


NORTHERN IRELAND READER8. BC107— 
lOp; BC182L—10p; BC184L—lOp; BC212L 
—I Op; 2N3702—12p; 2N3055—65p; TIS43— 
40p; TIP29—58p. Spraque 5/tF/150, 10pF/ 
150, 25/iF/100. All top each. Full range of 
radio spares, Eagle, etc. Send large S.A.E. 
for catalogue. P. & P. 5p per order. R.L.S. 
ELECTRONICS, 114 High Street, Holywood, 
Co. Down BT18 9HW. 



FACIAS AND CONTROL PANEL 
FRONTS • Made to Order 


DIMENSIONED SKETCH R 


MANUFACTURE ENGRAVED 
LABELS ANQ NAMEPLATES. 

RAPOWE SIGN A PRODUCT CO. 


TELERADIO ELECTRONICS 
ARE STOCKING THE MODULES 
FOR THE P.E. RONDO 
QUADRAPHONIC SYSTEM 

Matrix Decoder £8-80 

Pre-Amplifier £3-30 

Stereo Amplifier £8-25 

Controls & balance panel £9-35 

Prices include VAT and Post J 
Further information (ladly supplied on 

TELERADIO 

32S-7 Fore Street, London N» OPE 
01-807 3719 


components. Manufacturers' surplus plus once 
used. Pack includes resistors, carbon and 
W.W., capacitors various, transistors, diodes, 
trimmers, potentiometers, etc. Send (1 + lOp 
P. & P. C.W.O. to: CALEDONIAN COMPO¬ 
NENTS, Strathore Road, Thornton, Fife. 


FOR BARGAIN LI8T8 worth seeing, plus FREE 
SAMPLES send S.A.E., 2 Richmond Terrace, 
Ulverston, Lancs. 


m 1 
\|U 

TREASURE TRACER 

^ MK III M*tii 

^■SSnasr 

E::*£9-80 £13-7 


COMPONENTS, HARDWARE, CARTRID1 


MISCELLANEOUS 


CONSTRUCTION AIDS. Screws, nuts, spa 
etc., in small quantities. Aluminium pi 
punched to spec, or plain sheet supp 
Fascia panels etched aluminium to indivi 
requirements. Printed cl 


fascia panels etched 

requirements. Printed- — 

negatives and boards, one-off or small nur 
-- for list. RAMAR CONSTRUC 


services; 29 "sheiboume Road, Strati 
on-Avon, Warwks. 



ALUMINIUM 8HEET to 

standard packs, 3p stamp for details. RAJ 
CONSTRUCTOR SERVICES, 29 Shelboi 


Road, Stratford-on-A- 


ulse gener_, - 

,_rs, bridges, spectrum analy 

voltage regulators, sig-gens, M C rel 


components, etc. Lower B( 


GLASS FIBRE P.G. BOARD—large supi 
available. A in single sided one ounce cop 
2p per 3 sq in (under 1ft); 75p per sq ft (( 


sq in (under 1ft); SI per sq ft (ovi 
Please add lOp per sq ft postage and pack 
We can cut toyour si7.e at lp per cu* ar >T 
8TATE LIGHTING, The Firs, Si 
Lane, Garboldisham, Diss, Norfolk. 


1. SO] 


5. PRESENTS OUR 


ready drilled P.C.B. 


in advert in‘TELEVISIC 


10 DRYDEN CHAMBERS, 119 OXFORD 
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WANTED 


ibre optie suppliers 

OW COST LED—MLED 500, MV 5* 


1 °2N5777—SILICON PHOTO 
DARLINGTON AMPLIFIER 

high sensitivity. TQ92. LI 


5777 55p £1 10 £2 53 £4-62 £9 90 

ULTRASONIC TRANSDUCERS— 
^TRANSMITTER RECEIVER pAIR ^ 

H V NC P P37—NEUTRAL CIRCULAR 
POLARISER 

nmV50mm" ^Sn), 75mm.' 

CROFON 1610—64 FILAMENT 
LIGHT CONDUIT 


Im, 1 £*0*45? etr 


Im, CIO-45. 

FP40—PLASTIC OPTICAL MONO¬ 
FIBRE, Imm DIAMETER 

"i ssfot’Sa 

3 areas' t a iir fo r^dec o rat? ve b 1 ' 

“nSbsi.KS 

¥iBRE OPTIC SUPPLIERS (PE) 
P.O. Box 702 London WI0 6SL 


DON’T LOOK 

unless you can resist the temptation 
to get these super ‘attention-getters': 

•pocket-si: 


about 3^oz (85g). Send £1-35 for your 
★ UNIQUE TRANSMITTER/RE- 


"BRAIN-FREEZE" 
'o. P sJ’n O d t £2-20“ow! 
'.packing & postage) 


Send remittance to: 

BOFFIN PROJECTS 

4 Cunliffe Road, Stone 
Ewell, Surrey (Mai 


WITCHES UNUSUAL 


IESSURE MAT—flexi 


POSTAGE I5p PER ITEM. C.W.O. 

ELECTRONIC SWITCHING DEVICES 
0. Box 10, Aspley, P.D.0. Nottingham 

For further details send S.A.E. 



INDUSTRIAL SUPPLIES 


In lengths of 100 pins for 60p. (P. & P. 5p). 
S.A.E. Details and sample. GASKELL, 
Oak Lodge, Tansley, Derbyshire. 

HARDWARE—Screws, nuts, washers 
other useful items in small quantities- SI 
aluminium to individual requireme 
punched/drilled. Send 6p for list. RAMAR 
CONSTRUCTOR SERVICES, 29 Shelboui 
Road, Stratford-on-Avon, Warwickshire. 
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Do you suffer from tired eyes due 
to bright lights, or need a softer 
light for watching television in com¬ 
fort? Well, we have the answer, a 

GREENBANK DIMMER SWITCH 

Just look at these features: 

ic Velvet dim to full brightness at 
the touch of a finger 
if Positive off position 
if Built-in radio interference 
suppression 

if Controls up to 300 watts 
if Easy replacement for a 
standard light switch 

All this for only 

£3-75 

complete 

(500 watt model also available) 
This price includes V.A.T., also 
P. & P. Why not write or phone 
now? Please send C.W.O. to: 

GREENBANK ELECTRONICS 

94 New Chester Road 
New Ferry, Bebington 
Cheshire L62 5AG 
Tel. 051-645 3391 


TOP PRICES PAID 

NEW VALVES AND TRANSISTORS 
Popular T.V. and Radio types 

KENSINGTON SUPPLIES (B) 

367 Kensington Street 

Bradford 8, Yorks. 


LADDERS 


LADDERS 241ft *12.39, carr. £1.10. Leaflet. 
HOME SALES LADDER CENTRE (PEE2), 
Haldane (North), Halesfteld (1) Telford, 
Shropshire. Tel. 0952 586644. 






































SOLID STATE 
LAMPS 

Try out the latest light . 
emitting diodes 

Experimenters’ pack of four 
Motorola light emitting diodes 
(LEDs) complete with circuits, 
data and full instructions. 

£H0 per pack plus 5p postage 


Trium Company Ltd., 12 Mount 
Ephraim, Tunbridge Wells, Kent 


Please mention 

PRACTICAL 

ELECTRONICS 

when replying to 
ADVERTISEMENTS 






FIELD ELECTRIC 
LIMITED 

3 Shenley Road 
Borehamwood, Herts. 

Tel. 01-953 6009 
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> EXCLUSIVE OF 10% VAT 


A. MARSHALL & SON _ 

42 CRICKLEWOOD BROADWAY, LONDON, N.W.2 HM ' 
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BUILD A CHORDING PROFESSIONAL SYNTHESISER 



m 


(Regd. Trademark) 


iinrmnm 


iW r WA lM*i 'iilWgkmti v. • 


The Synthesiser shown above is the Dewtron "Apollo" 

A.1. which we sell ready-built to professionals. Believe it or 
not, it uses the SAME precision modules as we sell to you, 
the Constructor, to build any kind you like. The revolutionary 
Modumatrix system of routing makes old-fashioned patching 
a thing of the past. VCO-2 voltage-controlled oscillator 
module has accurate built-in log-law forchording and other 
professional effects. 3 and 4 octave keyboards and contacts. 

VCO-2 STABLE, PRECISION V/C OSCILLATOR gives 
SINE, TRIANGULAR AND SQUAREWAVEoutputs, 1 volt/ 
octave voltage control. £24 each or £27 each 2 or more 
matched. SHE-1 SAMPLE, HOLD AND ENVELOPE 
MODULE gives variable attack, sustain, touch sensitive 
playing when used with VCO-2 signals. £17. OFT-1 chording 
module £9. Modules (except VCO-1) guaranteed two 
years. 

With over 7 years' unblemished reputation in these pages, 

effects! Ask any of our customers. See our products ... - 

Our modules are used in professional equipment by other manufacturers and . 
by a Musical Association. 


— Oewtron 

PROFESSIONAL MODULES 
CASH SAVINGS 

by buying modules and parts in bulk! 

All modules are available separately: 

Ring Modulator RM2, £8. Voltage-controlled 
Oscillator VC01, £10-50, giving sawtooth and square- 
wave outputs. Envelope shapers, ESI, self- 
triqgered or ES2 keyboard-triggered, either type 
£13. White noise type WN1, £7. Voltage-con¬ 
trolled amplifier VCA1, £10. Voltage-controlled 
selective amplifier (filter for waa-waa, etc.) SA1, £13. 
Voltage-controlled Phase PHI, £17. Automatic 
Announcement Fader module for fading of music 
by microphone announcement, AF1, £10. etc., etc. 
ALL MODULES ARE BUILT, TESTED AND 
SEALED FOR LONG LIFE. Simply connect 
coloured wire connections as per easy instructions, 
build cabinet and wire in controls and patchboard 
connections! Joystick controls £5-50. REVERB 
Module and spring unit £15. V.A.T. 10% extra. 
V.A.T. paid orders over £75. 

uewlm „ continues to lead in new technical developments in electronic sound 
products in the music stores, too. Suppliers of special equipment fo /ead mg gr oupSj 
t by other manufacturers and in our own built synthesisers, e.g. Gipsy G.l. Approved 
Send ISp for full catalogue of our famous musical effects. 


D.E.W. LTD • 254 Ringwood Road, FERNDOWN, Dorset BH22 9AR 


TRANSISTORS 


AC 142 K Up | BCjOB 
ACIB7K 14? BCM4 




BCI5B I4p | BFI60 Up BFYSI lip 

BCIS9 I4p BFI8I Jlp I 2N3053 Up 

BCI77 lOp I 8FI84 JSp | 2N3054 57» 

BCI83L Up BFI85 JSp 2N3055 

BCI84L lip BFIB6 —— 


\ <35 


AND 

AND REC¬ 
TIFIERS 


POTENTIOMETERS-CARBON 


lip; 2, 3. 5 pin 160 chaitit sockets Ip. 


CABLES AND 


SCREENED WIRES 


E. A. HALL (ELECTRONICS) 

tie Manse, Little Brington, Northampton NN7 4H 


If you have difficulty in obtaining 

PRACTICAL 

ELECTRONICS 

Please place a regular order with your 
newsagent or send I year’s subscription 
(£2-65) to Subscription Department, 
Practical Electronics, Tower House, 
Southampton Street, London WC2E 8QX 


BAKER 12' MAIOR £9-90 

30-14,500 cps. Double cone woofer ant 
tweeter loudspeaker. Baker ceramic mag 
assembly, fluk density 145,000 gauss 


net assemoiy, nu* «««•»>s. 7 . 
BASS RESONANCE 40 cps 20 w 


y MAJOR MODULE KIT £12 50 

HFj 30-17,000 cps. woofer, tweeter, crossovei 
and baffle as illustrated. Size I9inxl3in. 

NOTE—When o 


BAKER LOUDSPEAKERS 

Reseat 12 in. 15W t8 80 | Snperb 12 in. 20W 
- ■ — a. 80W t» 90 j Group 25 12 in. 2S 

in. 15W til 00 I Qranp 85 12 in. « 


J0% BRITISH MADE 


BAKER LOUDSPEAKER CO., bensham manor passage 

THORNTON HEATH, SURREY Tel. 01-684 1665 
LOUDSPEAKERS CATALOGUE AND ENCLOSURE PLAN 5p 
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Over ISO 
ways to 
ngineer a 
•etterjuture 


Practical Radio & Electronics 
Certificate course includes a 
learn while you build 

3 transistor radio kit. 

Everything you need to know 
about Radio Et 
Electronics 

maintenance and 

77 v„ —-vsur* / x repairs for a spare 
time income and 
a career for a 
better future. 
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[)ONT RELY ON YOUR MEMORY 

^ BUY NOW AT BARGAIN PRICES 

Order your latest Henry's Catalogue Price 55p post paid 
complete with Discount Vouchers 



TEXAN 


n.v,H QUALITY & STABILITY - 

' ! : \t 

-.S ENGINEERS FOR PERFORMANCE, BY 


RELIABILITY AND E 


FACILITIES. C 


F CONSTRUCTION. 



BUILD THE NEW 
HENELEC STEREO 
FM TUNER 




. 



FREE Teak cabinet with complete kit. 

£28-50 » 

Sir £ 35-00 ssSS 

EARN YOURSEL F EASY _ 

MONEY, WITI l i 'I .- 

PORTAE 99100* * 

EQUIPMENT^ ~| ■ I'M! 

DISCO fJIXER/PREAMPLIFIERS (O/P 


TEXAN 

STEREO SYSTEM 

PLUS Price Savings 


Kit Price £21-00 (+ VAT) 
..— £24-95 (+ VAT 




LOW COST HI-FI SPEAKERS 

SPECIAL OFFERS 


« * 

IPiSHl/lS U 


















































